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Nationally representative data on teacher quality, professional development, and working condi-
tions have been collected by the National Center for Education Statistics’ (NCES) 1999-2000
Schools and Staffing Survey. They were not available in time for the preparation of this chapter.
Following release of the dataset by NCES, analyses of these topics will be available at the follow-
ing National Science Foundation website: <http://www.nsf.gov/sbe/srs/seind02/update.htm>.
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Highlights

Mathematics and Science Achievement

4 Although mathematics and science achievement, as
measured by the National Assessment of Educational
Progress (NAEP), have improved since the 1970s, few
students are attaining levels deemed Proficient or Ad-
vanced by a national panel of experts. For example, only
17 percent of 12th-grade students scored at the proficient
level on the NAEP mathematics assessment in 2000.

4 At each grade level, white and Asian/Pacific Islander stu-

dents are far more likely than their black, Hispanic, and
American Indian/Alaskan Native counterparts to score
at or above the Basic, Proficient, and Advanced levels
set by the National Assessment Governing Board
(NAGB). For example, although 33 percent of Asian/Pa-
cific Islander and 20 percent of white 12th graders scored
at the Proficient level in 2000, only 4 percent of Hispanic, 3
percent of black, and 10 percent of American Indian/Alas-
kan Native 12th graders scored at that level. Furthermore,
there was no evidence in the 2000 assessment of any nar-
rowing of the racial/ethnic group score gaps since 1990.

¢ There is a wide gap between the NAEP mathematics

scores of high-and low-income students, as measured
by eligibility for the National School Lunch Program.
For example, low-income 12th-grade students (those who
were eligible for the Free/Reduced Price Lunch Program)
had scale scores similar to high-income 8th-grade students
(those who were not eligible for this program). Further-
more, at each grade level, low-income students were twice
as likely or more to score below the Basic level of achieve-
ment than were high-income students.

4 Internationally, U.S. student relative performance be-

comes increasingly weaker at higher grade levels. On the
Third International Mathematics and Science Study
(TIMSS), 9-year-olds tended to score above the international
average, 13-year-olds near the average, and 17-year-olds be-
low it. Even the most advanced students performed poorly
compared with students in other countries taking advanced
mathematics and science courses. On advanced mathemat-
ics and science assessments, U.S. students who had taken
advanced coursework in these subjects performed poorly
compared with their counterparts in other countries.

Coursetaking

4 Since the publication of A Nation At Risk nearly 20 years

ago, most states have increased the number of math-
ematics and science courses required for high school
graduation. As of 2000, 25 states required at least 2.5
years of math and 20 states required 2.5 years of science;
in 1987, only 12 states required that many courses in math
and only 6 required that many courses in science. Opin-
ions differ, however, on the quality of the added courses,
especially those taken by students who are low achievers.

4 In 1998, more graduating students had taken advanced

mathematics and science courses than did their coun-
terparts in the early 1980s. For example, almost all gradu-
ating seniors (93 percent) in the class of 1998 had taken
biology, more than one-half (60 percent) had taken chem-
istry, and more than one-quarter (29 percent) had com-
pleted physics. Participation rates in advanced placement
or honors science courses are considerably lower: 16 per-
cent for biology, 5 percent for chemistry, and 4 percent for
physics.

4 Female and male students have broadly similar course-

taking patterns, although there are some differences.
In high school, girls are as likely as boys to take advanced
mathematics classes and are more likely to take biology
and chemistry; they remain less likely to take physics.

4 Students in all racial and ethnic groups are taking more

advanced mathematics and science courses, although
black, Hispanic, and American Indian/Alaskan Native
graduates still lag behind their Asian/Pacific Islander
and white counterparts in advanced mathematics and
science coursetaking. For example, graduates in the class
of 1998 who had taken algebra 11 ranged from 47 percent
of American Indians/Alaskan Natives to 70 percent of
Asians/Pacific Islanders. Percentages for white, black, and
Hispanic graduates were 65, 56, and 48, respectively. Fur-
thermore, Asians/Pacific Islanders were a third more likely
than whites to take calculus (18 versus 12 percent) and
three times more likely than blacks, Hispanics, and Ameri-
can Indians/Alaskan Natives (about 6 percent each).

Content Standards and Statewide
Assessments

4 In the 1980s, most states approved policies aimed at

improving the quality of K-12 education by implement-
ing statewide curriculum guidelines and frameworks
as well as assessments. By 2000, 49 states had established
content standards in mathematics and 46 states had estab-
lished science standards. Teachers remain concerned, how-
ever, that standards do not always provide clear guidance
regarding the goals of instruction and that schools do not
yet have access to top-quality curriculum materials aligned
with the standards.

4 Although some states have recently delayed the intro-

duction of high-stakes tests (i.e., tests that students must
pass to either graduate or advance a grade), public sup-
port for standards-based reform appears to be strong.
For example, in a 2000 survey, relatively few parents said
that their child’s school requires them to take too many
standardized tests to the detriment of other important learn-
ing (11 percent), that teachers in their child’s school “fo-
cus so much on preparing for standardized tests that real
learning is neglected” (18 percent), or that their child re-
ceives too much homework (10 percent).
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4 Employers and professors are far more disapproving
than parents or teachers of how well young people are
prepared for college and work, and very large majori-
ties continue to voice significant dissatisfaction about
students’ basic skills. For example, in a 2000 survey, about
two-thirds of professors found the basic math skills of re-
cent freshmen and sophomores to be only “fair” or “poor.”
More than 80 percent stated that student ability to write
clearly was only “fair” or “poor.” These results point to
the continuing gap between student skill level and prepa-
ration for college and college professors’ views of the ad-
equacy of that preparation. Results were similar for
employers regarding recent job applicants.

4 Public school teachers generally support the movement
to raise standards, but they are less supportive than the
general public. The vast majority of public school teachers
feel that the curriculum is becoming more demanding of stu-
dents, although they also feel that new statewide standards
have led to teaching that focuses too much on state tests and
that a significant amount of “teaching to the test” occurs.

Curriculum and Instruction

4 Students in the United States receive at least as much
classroom time in mathematics and science instruction
as students in other nations: for 8th graders, close to
140 hours per year in mathematics and 140 hours per year
in science. Students in Germany, Japan, and the United
States spent about the same amount of time on a typical
homework assignment, although American students were
assigned homework more often.

4 According to a curriculum analysis conducted as a part
of TIMSS, curriculums and textbooks used in U.S.
schools are highly repetitive, contain too many topics,
and provide inadequate coverage of important topics.
Independent judges determined that only 6 of the 13 U.S.
mathematics texts and none of the 9 U.S. science texts that
were evaluated were satisfactory based on 24 instructional
criteria. These findings are supported by math and science
textbook analyses undertaken by the American Associa-
tion for the Advancement of Science.

¢ Instruction in U.S. 8th-grade classrooms focuses on de-
velopment of low-level skills rather than on understand-
ing and provides few opportunities for students to engage
in high-level mathematical thinking. A team of mathema-
ticians found that 13 percent of Japanese lessons in 1995 were
judged to be of low quality, whereas 87 percent of lessons
from U.S. classrooms were judged to be of low quality.

Teacher Quality

4 Research suggests that the following factors are associ-
ated with teacher quality: having a high level of academic
skills, teaching in the field in which the teacher was
trained, having more than a few years of experience (to
be most effective), and participating in high-quality in-
duction and professional development programs.
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Teacher Working Conditions

4 The difference between the annual median salaries of

all bachelor’s degree recipients and teachers has declined
over the past 20 years, mainly due to increases in the
relative size of the older teaching workforce and in sala-
ries of older teachers. The average annual median salary
of full-time teachers grew slowly during the 1990s, reach-
ing $35,099 in 1998.

¢ Teacher pay scales in the United States tend to be lower

than those in a number of other countries, including Ger-
many, Japan, South Korea, and the Netherlands. In ad-
dition, teaching hours tend to be longer in American schools.
The gaps are particularly wide at the upper secondary (high
school) level because a number of countries require higher
educational qualifications and pay teachers significantly
more at this level than at the primary (elementary) level.

Information Technology in Schools

¢ Computers and Internet access are becoming increas-

ingly available in schools, although the distribution of
these resources is not uniform. In 2000, the ratio of stu-
dents to instructional computers in public schools was 5:1,
down from 6:1 in 1999 and a dramatic change from 125:1
in 1983. The ratio of students per instructional computer
with Internet access in public schools declined from 12:1
in 1998 to 9:1 in 1999 and then to 7:1 in 2000.

¢ Although gaps in access to computers and the Internet

have narrowed between high-and low-poverty schools,
differences remain. For high-poverty schools (those with
75 percent or more students eligible for free or reduced-
price lunch), 60 percent of all instructional rooms had
Internet access in 2000, up from 5 percent in 1996. Schools
with less poverty tended to have a larger percentage of
rooms with Internet access—77 percent or higher in 2000,
up from 11-17 percent in 1996.

4 In 1999, approximately half of the public school teachers

who had computers or the Internet available in their
schools used them for classroom instruction. Teachers as-
signed students to use these technologies for word process-
ing or creating spreadsheets most frequently (61 percent ),
followed by Internet research (51 percent), problem solving
and data analysis (50 percent), and drills (50 percent).

4 Many teachers feel unprepared to integrate technology

into the subjects they teach, and relatively few teachers
find the current training activities in information tech-
nology very useful. In 1999, only one-third of teachers re-
ported feeling well prepared or very well prepared to use
computers and the Internet for classroom instruction, with
less experienced teachers indicating they felt better prepared
to use technology than their more experienced colleagues.
For many instructional activities, teachers who reported feel-
ing better prepared to use technology were generally more
likely to use it than were teachers who indicated that they
felt unprepared.
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Transition to Higher Education

¢ Expectations for college attendance have increased dra-

matically over the past 20 years, even among low-per-
forming students. Overall, immediate college enrollment
rates for high school completers increased from 49 to 63
percent between 1972 and 1999. Much of the growth in
these rates between 1984 and 1999 was due to increases in
the immediate enrollment rates for females at four-year
institutions.

4 Since 1984, college transition rates for black graduates

have increased faster than those for whites, thus clos-
ing much of the gap between the two groups. The en-
rollment rates for Hispanic graduates are lower and
have been relatively stable over the past 20 years. In
1994, white graduates were twice as likely to enroll in a
four-year college as a two-year college after high school,
black graduates were about 1.5 times as likely, and His-
panic graduates were equally likely to enroll in a four-year
college as a two-year college.

¢1-5

¢ High school graduates from low-income families enter

four-year institutions at lower rates than those from
high-income families. Although financial barriers to col-
lege attendance exist for many low-income students, an-
other reason for their lower enrollment rate is that they are
less qualified academically.

4 Remedial work is widespread at the college level, par-

ticularly in two-year colleges. In 1995, the latest year for
which data are available, all public two-year and 81 per-
cent of public four-year institutions offered remedial read-
ing, writing, or mathematics courses. Moreover, freshmen
at public two-year institutions were almost twice as likely
as their peers at public four-year institutions to enroll in
remedial courses in these subjects (41 percent versus 22
percent).
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Introduction

This chapter focuses on several key issues at the heart of
the current debate over the quality of our elementary and sec-
ondary mathematics and science education system. Trends in
math and science achievement and coursetaking are exam-
ined first, both as system outputs and as the context for cur-
rent reform efforts. Next, the chapter examines several
quantifiable aspects of current reform efforts. Maintaining
the science and engineering (S&E) pipeline and preparing all
young people for an increasingly technological society are
two goals driving reforms targeted to raise the academic bar
for students and improve the quality of teaching. The desire
to raise the academic expectations for all students has led
states to both adopt standards specifying what students should
know and be able to do and to implement new testing mecha-
nisms to measure what students actually know.

Although it is widely recognized that education reforms
cannot be successful without actively engaging teachers, com-
prehensive, valid measures of change in teacher quality are dif-
ficult to come by, leaving us to rely on currently available data.
Indicators of teacher credentials, experience, and participation
in professional development activities are presented, as well as
data on how new teachers are being inducted into the profes-
sion. As access to computers and the Internet becomes more
widespread in schools, the focus of the chapter turns toward
understanding how IT is being implemented and how students
are benefiting from its use. In conclusion, the adequacy of stu-
dent preparation for higher education is examined as a lead
into the discussion of college-level S&E in chapter 2.

This chapter emphasizes variation in both access to educa-
tion resources (by school poverty level and minority concen-
tration) and performance (by sex, race/ethnicity, and family
background) as data availability allows. A distinction is also
made between mathematics and science when the policy im-
plications of data are different or the data tell different stories.

How Well Do Our Students Perform
in Mathematics and Science?

U.S. and internationally comparable achievement data re-
sult in a mixed report card for the United States. Although
performance on assessments of mathematics and science
achievement by the National Assessment of Educational
Progress (NAEP) has improved since the 1970s, few students
are attaining levels deemed Proficient or Advanced by a na-
tional panel of experts, and the performance of U.S. students
continues to rank substantially below that of students in a
number of other, mostly Asian, countries. This cross-national
achievement gap appears to widen as students progress
through school. This section describes progress in student
performance, both long-term trends based on NAEP curricu-
lar frameworks developed in the late 1960s and more recent
trends that track performance across items aligned with more
current standards. International comparisons are then used to
benchmark U.S. performance in these subjects.
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Long-Term Trends in Math and Science
Performance

Generally, mathematics and science performance on the
NAEP long-term trend assessment declined in the 1970s, in-
creased during the 1980s and early 1990s, and has remained
mostly stable since that time. (See sidebar, “The NAEP Trends
Study.”) NAEP mathematics achievement increased among
9-, 13-, and 17-year-old students since the early 1980s, al-
though most of these gains occurred before 1992. (See figure
1-1.) Although the average scale scores of 17-year-olds de-
clined by 6 points between 1973 and 1982, scores increased
by 9 points between 1982 and 1992 and remained at about
the same level through 1999 (National Center for Education
Statistics (NCES) 2000e). These gains since 1982 were sub-
stantial, equating to about a quarter of the difference between
the mathematics scores of 13- and 17-year-olds (an 8-point
difference is roughly equivalent to a year of schooling be-
tween these ages). Substantial gains were also made by 9-
and 13-year-olds between 1982 and 1999: 8 and 13 points,
respectively.

NAEP science performance over the past three decades
has generally mirrored that of math: scores declined during
the 1970s but increased in the 1980s and early 1990s. Be-
cause the first science assessments occurred before the first
math assessments (1969 for 17-year-olds and 1970 for 13-
and 9-year-olds), science achievement can be tracked over a
longer period. Results for 17-year-olds show an initial 22-
point decline between 1969 and 1982. In the decade between
1982 and 1992, an increase in the average score erased about
half of that decline; since 1992, scores have been stable. (See
figure 1-1.) Although 17-year-olds had higher science scores
in 1999 than their counterparts in 1982, the average 1999
score remained 10 points below the average score in 1969.
Gains since the early 1980s for 13- and 9-year-olds in sci-
ence have essentially returned the average scores of these
cohorts to levels similar to (for 13-year-olds) or higher than
(for 9-year-olds) those posted in 1970.

A persistently wide gap in NAEP scores between low- and
high-performing students remains. For example, the gap be-
tween the average mathematics scores of the highest and low-
est performing quartiles for 17-year-old students was 73 points
in 1999, a gap similar in size to the difference between the
average scale scores for 17- and 9-year-olds in 1999 (roughly
equivalent to eight years of schooling). Similar gaps have per-
sisted for 9- and 13-year-olds as well. Efforts to apply uni-
formly high standards to all children need to confront the large
variation in performance that currently exists in our schools.

Trends in Performance by Sex

Differences in the academic performance of female and
male students on the NAEP long-term trend assessment ap-
pear as early as age 9 and persist through age 17. Although
girls have consistently outperformed boys in reading and writ-
ing, gaps between the sexes in mathematics and science per-
formance in the early grades have been much narrower and
have varied over time. In 1999, 9-year-old girls had higher
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Figure 1-1.
Trends in average scale scores in mathematics
and science: 1969-1999
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SOURCE: National Center for Education Statistics, NAEP 1999 Trends
in Academic Progress: Three Decades of Student Performance, NCES
2000-469. Washington, DC: U.S. Department of Education, Office of
Educational Research and Improvement, 2000e.
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average reading scores than boys, although this gap has nar-
rowed since 1971 (NCES 2000e). In mathematics, higher
scores earned by girls in the 1970s shifted to higher scores
earned by boys in the 1990s. In 1999, however, the difference
between the scores of boys and girls was not statistically sig-
nificant. In science, boys have tended to perform better than
girls at age 9, although, as observed in mathematics, the dif-
ference in 1999 was not statistically significant.

Female and male achievement differences at age 9 remain
nearly unchanged at age 13. For example, in 1999, the aver-
age reading proficiency score for a 13-year-old female was
12 scale points higher than for a 13-year-old male, and fe-
males scored at about the same level in math and 6 scale points
lower than males in science (NCES 2000e). When 17-year-
olds are assessed, female and male differences in reading per-
sist. For example, in 1999, average reading proficiency for
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The NAEP Trends Study

The National Assessment of Educational Progress’s
(NAEP) long-term trend assessments have been the
primary means for tracking the achievement trends of
9-, 13-, and 17-year-olds in science since 1969 and in
mathematics since 1973. These primarily multiple-
choice tests have remained substantially the same since
first given, allowing the measurement of student
progress over the past three decades. The content of these
assessments is “traditional” by today’s standards. For
example, the mathematics assessment measures student
knowledge of basic facts, ability to carry out numerical
algorithms using paper and pencil, knowledge of basic
measurement formulas as they are applied to geometry
problems, and ability to apply mathematics to daily liv-
ing skills (such as those related to time and money).
Calculators are permitted only on a few questions. The
computational focus of the long-term trend assessment
provides the opportunity to determine how our students
are measuring up to traditional procedural skills, even
as the calculator plays an increasingly greater role in
today’s mathematics curriculum. Both the content (see
the section, “Benchmarking of Mathematics Perfor-
mance Against Standards™) and the populations assessed,
which are age groups rather than grades, distinguish
these assessments from the “National” NAEP, which is
discussed in the next section.

Student performance on the long-term trend assess-
ments is summarized on a 0- to 500-point scale for each
subject area. Item response theory (IRT) was used to es-
timate average proficiency for the nation and various sub-
groups of interest within the nation. IRT models the
probability of answering a question correctly as a math-
ematical function of proficiency or skill. The main pur-
pose of IRT analysis is to provide a common scale by
which performance can be compared across groups, such
as those defined by age, assessment year, or subpopula-
tions (e.g., race/ethnicity or sex). Although the use of IRT
scaling in the NAEP Trends Study puts the scores of 9-,
13-, and 17-year-olds on the same scale, which facili-
tates comparisons across ages, the scores of students on
the Third International Mathematics and Science Study
(TIMSS) are scaled separately for each grade. Therefore,
the scores are not comparable across grades.

SOURCE: NCES 2000e and <http://www.nces.ed.gov/naep3/math-
ematics/trends.asp>.

17-year-old females was 13 scale points higher than for males
of the same age. This corresponds to about 45 percent of the
difference between the average scores of 13- and 17-year-
olds in 1999. In other words, the gap in reading proficiency
between females and males at age 17 is roughly equivalent to
between 1.5 and 2 years of schooling.
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In mathematics and science, boys have tended to score
higher than girls, although the gap is narrower. A gap favor-
ing 17-year-old males in mathematics narrowed from 8 points
in 1973 to one that was statistically insignificant in 1999.
(See figure 1-2.) The gap in science at this age narrowed from
16 points in 1973 to 10 points in 1999 (about a year’s worth
of science).

Trends in Performance by Race/Ethnicity

NAEP trend data on science and mathematics achievement
of 17-year-olds between 1973 and 1999 suggest that the gap
between whites and their black and Hispanic peers has nar-
rowed but remains large.* Differences in percentile scores by
race/ethnicity, that is, the score at which different percentages
of a particular group (5, 25, 50, 75, or 95 percent) score at or
below, provide an indication of the size of these gaps. (See
figure 1-3.) For example, in 1999, 75 percent of white 17-year-
olds scored 282 or above on the NAEP science test (the 25th
percentile score), while only 25 percent of black 17-year-olds
and fewer than 50 percent of Hispanic 17-year-olds scored at
that level. In mathematics, the gap between blacks and whites
appears to be somewhat narrower and the gap between whites
and Hispanics somewhat wider. Gains by both high- and low-
performing black and Hispanic students have narrowed the wide
gaps that were in evidence since 1973, although there is little
evidence that the gaps have continued to narrow in the 1990s,
and some evidence that the gap between whites and blacks in
mathematics has widened (NCES 2000e).

Gaps in mathematics achievement between whites and
other racial/ethnic groups exist before entering high school,
but evidence shows that these gaps widen for some groups
during high school. In mathematics, the overall differences
in 8th- to 12th-grade achievement gains show that blacks learn
less than whites during high school, Hispanics and whites do
not differ significantly, and Asians learn more than whites on
average. However, when one compares blacks and whites
completing the same number of math courses, the achieve-
ment gains during high school are not measurably (statisti-
cally) different. The Asian and white achievement gain
differences are also generally reduced among students com-
pleting the same number of mathematics courses (NCES
1995). These data do not suggest, however, that coursetaking
patterns alone lead to similar outcomes. The level of achieve-
ment that students from different backgrounds have attained
before entering particular courses makes a difference, because
parallel gains among students taking the same courses can-
not close the gap. For example, NAEP data show that racial/
ethnic differences in mathematics persist even among students

'Hispanics are a diverse group with considerable differences in country of
origin, social class, race, educational status, and level of assimilation
(Valdivieso and Nicolau 1992). What does characterize all the major groups
except Cubans, albeit in varying intensities, are high levels of poverty and
low levels of educational achievement. Although sample sizes in the data
presented in this chapter do not allow the separate reporting of Hispanics by
background characteristics, it should be acknowledged that there is a wide
range of variability within this broad category. Sample sizes for Asians/
Pacific Islanders and American Indians/Alaskan Natives are too small in the
NAEP trends study to produce reliable estimates for these groups.
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who have completed similar courses at the time of assess-
ment. The gap in average scores was 21 points between white
and black 17-year-olds whose highest math course taken as
of the 1996 assessment was algebra I1; this gap is similar to
the difference in scores observed between all 17-year-olds
whose highest math course was algebra Il and those whose
highest course was geometry (NCES 2000b).

Benchmarking of Mathematics Performance
Against Standards

In addition to the long-term trend data described above,
NAEP periodically assesses the mathematics and science per-
formance of students against more current frameworks of what
students are expected to know in the 4th, 8th, and 12th grades
(hereafter, referred to as the “National” NAEP).2 Since 1990,
the mathematics assessments have been based on a frame-
work influenced by the National Council of Teachers of Math-
ematics (NCTM) Curriculum and Evaluation Standards for
School Mathematics (NCTM 1989). The assessment frame-
work contains five content strands (number sense, proper-
ties, and operations; measurement; geometry and spatial sense;
data analysis, statistics, and probability; and algebra and func-
tions). In addition to the five content strands, the assessments
examine mathematical abilities (conceptual understanding,
procedural knowledge, and problem solving) and mathemati-
cal power (reasoning, connections, and communication). Stu-
dent mathematics performance is summarized on the NAEP
mathematics scale, which ranges from 0 to 500. In addition,
results for each grade are reported according to three achieve-
ment levels developed by NAGB: Basic, Proficient, and Ad-
vanced. These achievement levels are based on collective
judgments by NAGB about what students should know and
be able to do in mathematics.® The levels were defined by a
broadly representative panel of teachers, education special-
ists, business and government leaders, and members of the
general public. The Basic level denotes partial mastery of
prerequisite knowledge and skills that are fundamental for
proficient work at each grade. The Proficient level represents
solid academic performance as determined by NAGB, and
the Advanced level signifies superior performance. Although
NCES still considers these proficiency levels developmental,
they are used in this section to benchmark student math
achievement.

Mathematics Performance by Achievement Level
Although mathematics trends in the NAEP long-term trend
study were relatively flat during the 1990s, mathematics per-

2Data from the 2000 NAEP Science Assessment were not available in time
for inclusion in this chapter. The main findings were that 4th- and 8th-grad-
ers’ scores remained stable between 1996 and 2000, while scores for high
school seniors declined. See < http://nces.ed.gov/nationsreportcard/science/
results/>. Accessed 11/26/01.

3A recent National Academy of Sciences-commissioned report found the
current process of setting NAEP achievement levels to be “fundamentally
flawed” (National Research Council 1998, 162). NAGB continues to use the
mathematics achievement levels developed for the 1990 assessment, and they
are used here because they so clearly highlight the widespread concern about
the level of student performance in this subject.
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Figure 1-2.
Trends in differences between male and female student average scale scores, by age, various years: 1969-1999
(Male minus female score)
Age 17 Reading Mathematics Science
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*Significantly different from 1999. Small differences between male and female scores are often not statistically significant. For example the male-female
differences were not statistically significant in 1999 for mathematics at all three ages and for 9-year-olds in science.

SOURCE: National Center for Education Statistics, NAEP 1999 Trends in Academic Progress: Three Decades of Student Performance, NCES 2000-469.
Washington, DC: U.S. Department of Education, Office of Educational Research and Improvement, 2000e.
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formance on the National NAEP increased in the 4th, 8th,
and 12th grades between 1990 and 2000. While the average
scores of 4th and 8th graders made progress throughout the
decade, the scores of 12th graders declined between 1996
and 2000, reducing some of the gain made between 1990 and
1996. The national average scale score for 4th graders in 2000
was 228, an increase of 15 points over the national average
for 1990; the average scale score for 8th graders in 2000 was
275, an increase of 12 points; and the average scale score for
12th graders was 301, an increase of 7 points since 1990, but
a decrease in 3 points since 1996 (NCES 2001f). The cross-
decade increases of 4th and 8th graders are between a third

Chapter 1. Elementary and Secondary Education

and almost half of a standard deviation in test scores for these
grades, roughly equivalent to a gain of between 1.5 and 2
grade levels. While smaller, the 12th-grade gain was still sub-
stantial, between 0.5 and 1 grade level.

Although these increases suggest that some progress is be-
ing made across areas emphasized in the NCTM mathematics
standards, relatively few students scored at the Proficient or
Advanced levels set by NAGB for each grade, and more than
30 percent scored below the Basic level. (See figure 1-4.) For
4th-grade students, the percentage performing at or above the
Basic level was 69 percent in 2000 compared with 50 percent
in 1990; for 8th-grade students, 66 percent compared with 52

Figure 1-3.
Percentile distribution of science and mathematics proficiency for 17-year-olds, by race/ethnicity: selected years
1977-99
Science

Score Score Score
400 400 400

Black Hispanic
350 8B [+ rvrerrere e 350

300 |- 300 |-

250 |- 250

300

250

200 [ 200 200
150 L L L L 150 L L L L 150 L L L L
1977 1982 1986 1990 1994 1999 1977 1982 1986 1990 1994 1999 1977 1982 1986 1990 1994 1999
Mathematics
Score Score Score
400 400 400
White Black Hispanic
95th
350 |90th— 30 30

300

250

200

150

200 200
150 * * * * 150 * *
1978 1982 1986 1990 1994 1999 1978 1982

1986

1990 1994 1999 1978 1982 1986 1990 1994 1999

SOURCE: U.S. Department of Education, National Center for Education Statistics, National Assessment of Educational Progress, summary data tables

http://nces.ed.gov/nationsreportcard/tables/.
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Figure 1-4.
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Percentage of students within each mathematics achievement level range and at or above achievement levels,

grades 4, 8, and 12: 1990-2000

Grade 4
1% % 2% %
[ Advanced
12% % At or above
13%% Proficient 16%%
0/
18% % 21%%
[l Proficient
At or above
50% % | Basic
59% %
[ Basic
50% %
41%%
[ Below basic
1990 1992 1996 2000
2%% 3%% Grade 8 4% 5%
13%% At or above
15%% Proficient LS2eX
21%%
At or above
52%% | Basic
58%%
66%
48% %
42% %
1990 1992 1996 2000
1% 2% e i 2% 2%
U gl 150, | |Aorabove 13%
Proficient 15% 17%
At or above
_58%% |gasic
65%
42%%
36%
1990 1992 1996 2000

How to read these figures:

The italicized percentages to the right of the shaded bars represent the percent of students at or above Basic and Proficient.
The percentages in the shaded bars represent the percentages of students within each achievement level.
* Significantly different from 2000.

NOTE: Percentages within each mathematics achievement level range may not add to 100, or to the exact percentages at or above achievement levels,
due to rounding.

SOURCE: National Center for Education Statistics, The Nation’s Report Card: Mathematics 2000, NCES 2001-517, Washington, DC: U.S. Department
of Education, Office of Educational Research and Improvement, 2001f.
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percent; and for 12th-grade students, 65 percent compared
with 58 percent. The percentages of students scoring at the
Proficient and Advanced levels were much lower: 26 percent
of 4th graders, 27 percent of 8th graders, and 17 percent of
12th graders scored at the Proficient level in 2000, and the
percentage of students in these grades in 2000 scoring at the
Advanced level were 3 percent, 5 percent, and 2 percent, re-
spectively. From NAGB’s perspective, then, as many as one-
third of students continue to score below a Basic level of
mathematics achievement, and few score at levels considered
to be Advanced.

Proficiency levels provide an additional metric to gauge
how wide the gaps in scores are between different subgroups.
The NAEP sample shows differences in the achievement of
boys and girls, students from different racial and ethnic groups,
students from different states and jurisdictions, and students
receiving and not receiving Title | services.

Proficiency by Sex

Although similar proportions of boys and girls scored at
the Basic level or above on the 2000 NAEP mathematics as-
sessment, boys were more likely to score at the Proficient or
Advanced levels than girls at the 4th, 8th, and 12th grades.
For example, 20 percent of 12th-grade males scored at the
Proficient level compared with 14 percent of girls, and the
percentage of each group scoring at the Advanced level was
3 and 1 percent, respectively. (See text table 1-1.)

Proficiency by Race/Ethnicity

At each grade level, a larger percentage of white and Asian/
Pacific Islander students scored at the Basic, Proficient, and
Advanced levels in 2000 than their black, Hispanic, and
American Indian/Alaskan Native counterparts.* For example,
while 34 percent of Asian/Pacific Islander and 20 percent of
white 12th graders scored at or above the Proficient level in
2000, only 4 percent of Hispanic, 3 percent of black, and 10
percent of American Indian/Alaskan Native 12th graders
scored at that level. Furthermore, there was no evidence in
the 2000 assessment of any narrowing of the racial/ethnic
group score gaps since 1990. These differences, combined
with higher dropout rates for Hispanic, black, and American
Indian/Alaskan Native youth, point to considerable dispari-
ties in achievement across racial/ethnic groups. However, there
is substantial variation for ethnic groups by country of origin
(see sidebar, “Variation in Educational Achievement and Col-
lege Attendance Rates of Asian and Hispanic 1988 8th Grad-
ers by Country of Origin”) and time since immigration. (The
sidebar, “Generational Status and Educational Outcomes
Among Asian and Hispanic 1988 8th Graders” compares eth-
nic groups by timing of immigration.)

4Sample sizes in the NAEP study are too small to report Asians by coun-
try of origin. Reporting a single category of all Asians/Pacific Islanders,
however, “conceals complexities and differences in the lives of distinct Asian
groups” (Carter and Wilson 1997).
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Text table 1-1.
Percentage of 12th-grade students at each NAEP
mathematics achievement level: 1990 and 2000

Year and

characteristic Advanced Proficient Basic Below basic

Total
240100 R 2 17 652 853
1990 ..o, 1 12 58 42
Male
P20 0] 0 RO 3 20 66° 342
1990 ..o, 2 15 60 40
Female
P20 0] 0 RO 1 142 642 362
1990 ..o, 1 9 56 44
Race/ethnicity
White
2000 ...ceieeeieeeenees S 202 742 262
1990 ..o 2 14 66 34
Black
P00 IO — S 31 69
1990 ..o, 0 2 27 73
Hispanic
P20 0] 0 RN — 4 442 562
— 4 36 64
7 34 80 20
5 23 75 25
American Indian/
Alaskan Native®
P00 0 RO — 10 57 43
Location (2000)
Central city .............. 2 16 60 40
Urban fringe/large
town .o, 8 19 68 32
Rural/small
tOWN oo 1 13 65 85

— = Percentage is between 0.0 and 0.5.
aSignificantly different from 1990 at 0.5 level.

bSample size is insufficient to permit a reliable estimate of 1990
values.

SOURCE: National Center for Education Statistics, The Nation’s
Report Card: Mathematics 2000, NCES 2001-517, Washington DC:
U.S. Department of Education, Office of Educational Research and
Improvement 2001e.
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Proficiency by Type of Location

Atthe 4th, 8th, and 12th grades, students in the urban fringe/
large town locations had higher scale scores on the NAEP na-
tional mathematics assessment than students in central city lo-
cations (NCES 2001f). At grades 4 and 8, students in rural/
small town locations also outperformed their counterparts in
the central city locations. These differences were also reflected
in proficiency scores. (See text table 1-1.) For example, at grade
12, there were higher percentages of students at or above the
Proficient level and at or above the Advanced level attending
schools in urban fringe/large town locations (19 and 3 percent,
respectively) than in rural school locations (12 and 1 percent,
respectively). While 16 percent of 12th graders in central city
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Variation in Educational Achievement and College Attendance Rates
of Asian and Hispanic 1988 8th Graders by Country of Origin

Sample sizes in the National Assessment of Educational
Progress (NAEP) trends study and the National NAEP are too
small to report scores for Asians/Pacific Islanders and Hispan-
ics by country of origin. Collapsing all Asians/Pacific Islanders
and all Hispanics into homogeneous ethnic categories can con-
ceal wide variation in outcomes by country of origin. Data col-
lected in the National Educational Longitudinal Study of 1988
show mathematics and science achievement differences between
Asian and Hispanic 8th graders from different countries of ori-
ginwhen tested in 1992. This study also compares college atten-
dance rates between Asian/Pacific Islander and Hispanic
subgroups. (See text table 1-2.) Data show the following.

Asians/Pacific Islanders

Although the aggregate group of Asians/Pacific Islanders
scored as well as or higher than their white counterparts on
assessments of mathematics and science in 1992, consider-
able variation was seen within this group by country of origin.
For example, students with ancestry in China, Korea, and South
Asia tended to have higher scores than Asians/Pacific Island-
ersas awhole, and Pacific Islanders had lower scores.

College attendance rates among Asians/Pacific Islanders
also varied by country of origin. For example, nearly 9 out of
10 Chinese, Filipino, Korean, and South Asian students in
the 8th-grade class of 1988 had enrolled in postsecondary
education by 1992, compared with enrollment rates of only
50 percent for those from Pacific Islands.

Hispanics

Hispanic 8th graders with Cuban ancestry tended to have
higher mathematics and science test scores than their Mexi-
can American counterparts. Mexican American students also
tended to have lower rates of postsecondary attendance than
Hispanics with Cuban, Puerto Rican, or other ancestry.

SOURCE: NCES 2001e.

locations scored at or above the Proficient level, only 60 scored
at or above the basic level, lower than the 68 percent in urban
fringe/large town locations.

Because of slight changes by the Census Bureau in the
definitions of these categories, schools were not classified in
exactly the same way in 2000 in terms of location type as in
previous NAEP assessments. Therefore, comparisons to pre-
vious years are not possible (NCES 2001f).

Proficiency by Free/Reduced-Price Lunch Eligibility

There is a wide gap between the NAEP mathematics scores
of high- and low- income students, as measured by eligibility
for the National School Lunch Program. At the 4th, 8th, and
12th grades, the scale scores for students who are not eligible
for the Free/Reduced Price Lunch Program (i.e., those above
the poverty guidelines) are significantly higher than the scores
for the students who are eligible for the program. For example,

Text table 1-2.

Percentile scores on mathematics and science
tests in 1992 and postsecondary enrollment rates
by 1994 of 1988 8th-grade class, by race/ethnicity
and country of origin

Race/ethnicity 1992 Percentile score Postsecondary
and enroliment
country of origin  Mathematics Science rate by 1994

All students ........... 51 51 65
White ............ 56 56 68
Black ...cccceceeueennnes B8 29 57
American Indian/

Alaskan Native ... 29 29 85
Asian/Pacific

60 54 83

76 65 94

62 57 89

69 67 65

75 69 95

Southeast Asia ... 61 52 79

Pacific Islands .... 39 85 50

South Asia.......... 71 66 91

Hispanic ............... 39 37 54

Mexico 37 37 51

Cuba ....coecieeennn 53 46 66

Puerto Rico ........ 42 41 65

Other ....oeeeeeiennnns 46 43 67

SOURCE: National Center for Education Statistics, National
Education Longitudinal Study: 1988-94, Data Analysis System
2001d.
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low-income 12th-grade students (those who were eligible for
the Free/Reduced Price Lunch Program) had scale scores simi-
lar to high-income 8th-grade students (those who were not
eligible for this program). The size of these gaps can also be
seen by comparing the percentage of students in each group
at or above the Proficient level. While 35 percent of high-
income students scored at or above the Proficient level, only
10 percent of their low-income counterparts did so. Further-
more, at each grade level, low-income students were twice as
likely or more to score below the Basic level of achievement
than were high-income students (NCES 2001f).

Proficiency by State

Wide variability exists across states in the proportion of
public 8th-grade students performing above the Proficient
level, and growth seen at the national level between 1996 and
2000 was not uniform across states. At grade 8, between 8
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Generational Status and Educational Outcomes Among Asian
and Hispanic 1988 8th Graders

Past research has consistently shown that, compared
with Hispanics, Asian students perform better in school,
have higher expectations for educational attainment, are
more likely to graduate from high school, and are more
likely to continue their education past high school
(Sanderson et al. 1996, Green et al. 1995). Most of these
studies, however, report statistics and findings without
regard to differences within these groups, such as immi-
grant status (whether or not the student is foreign or U.S.
born) and generational status (the number of generations
the student’s family has lived in the United States). A re-
cent study from the National Center for Education Statis-
tics (NCES) examined the relationship between the
immigration and “generational” status of Asian and His-
panic students and various educational indicators and out-
comes. Students were classified as:

4 first-generation immigrant (born outside the United
States);

4 second-generation immigrant (U.S.-born students with
one or both parents born outside the United States); or

4 third-generation or higher immigrant (both parents and
the student born in the United States). Students born
in Puerto Rico who moved to one of the 50 states or
the District of Columbia were classified as immigrants.

The analysis looked at how the generational status of
Asian and Hispanic students from the 1988 8th-grade co-
hort of the National Education Longitudinal Study of 1988
(NCES 1999d) was associated with various educational
outcomes as this cohort entered and progressed through
high school and began postsecondary education. The
analysis makes comparisons both wizhin race/ethnicity and
between generations on student background (family and
language characteristics); 8th-grade experiences (8th-
grade school characteristics, achievement test scores, and
plans for high school); high school experiences (type of
high school and graduation rates); postsecondary expec-
tations (student and parental); and postsecondary enroll-
ment. The results of this study are summarized below.

Student Background Characteristics

Nearly half of 8th-grade Asians in 1988 were born out-
side the United States, compared with about 18 percent of
their Hispanic peers. Families of first-generation Asian
8th graders were more likely to be from Southeast Asia
(23 percent), the Philippines (19 percent), China (19 per-
cent), and Korea (11 percent) than from Japan (1.7 per-
cent) or the Pacific Islands (1.6 percent). The families of
third-generation (or greater) Asian 8th graders were more
likely than their first-generation counterparts to be from

other Asian countries, including India (50 percent), the
Pacific Islands (21 percent), and Japan (12 percent). His-
panic immigrants tended to be more consistently spread
across Hispanic groups: Mexican Americans, who made
up a large proportion of each generation, ranged between
62 and 70 percent; Cuban Americans between 2 and 6 per-
cent; Puerto Ricans between 5 and 17 percent; and His-
panics from other countries between 16 and 23 percent.
Conclusions were as follows:

Family Background

4 Asian students were more likely than Hispanic students
to come from two-parent families and to have at least
one parent with a college degree.

4 First-generation students in each racial/ethnic group
were more likely to come from families that lived at or
below the poverty level than their second- and third-
generation counterparts.

Language Characteristics

4 Similar proportions of all 1988 8th-grade Asians and
Hispanics were categorized as being limited-English
proficient (LEP) (6 and 8 percent, respectively). How-
ever, Hispanics from this cohort were more likely than
their Asian peers to come from homes where a language
other than English was spoken (66 versus 55 percent).

4 Similar proportions of first-generation Asians and His-
panics were LEP students (12 and 15 percent, respec-
tively), but second- and third-generation Hispanics were
more likely to be LEP students than were their Asian
counterparts (10 and 5 percent versus 2 and 1 percent,
respectively).

4 The likelihood that a student’s family spoke a foreign
language in the home decreased for each racial/ethnic
group when a family had been in the United States for
three or more generations. Nonetheless, the rate at which
Hispanics from different generations spoke only En-
glish in the home was consistently lower than that of
their Asian counterparts.

Mathematics, Reading, and Science Proficiency

4 Among all 8th graders, Hispanics were more likely than
Asians to be below the proficiency level on the NELS
mathematics and science assessment (25 versus 9 per-
cent in mathematics and 41 versus 25 percent in sci-
ence). Students at the proficiency level in mathematics
understand simple arithmetic operations on whole num-
bers—essentially single-step operations that rely on rote
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memory. Students at the proficiency level in sci-
ence have an understanding of everyday science con-
cepts, e.g., “common knowledge” that can be ac-
quired in everyday life.

4 The proportions of Asians and Hispanics who tested
below the proficiency level on the NELS reading
assessment, however, did not differ significantly (14
and 19 percent, respectively).

4 The gap between the percentages of 1988 Asian and
Hispanic 8th graders scoring below the proficiency
level on the NELS mathematics assessment ap-
peared within each of the three generations.

Parental Education Expectations

4 Overall, the parents of 1988 Asian 8th graders were
more likely to expect their children to earn at least
a college degree than were the parents of Hispanic
8th graders (76 versus 47 percent).

4 The parents of third-generation Asian students were
less likely than the parents of first- and second-gen-
eration Asian students to expect their children to
earn at least a bachelor’s degree (54 percent versus
81 and 86 percent, respectively). The parental ex-
pectations of Hispanic students did not differ sig-
nificantly by generational status.

Postsecondary Enrollment

¢ As of 1994, among 1988 8th graders, Asian stu-
dents were far more likely to have enrolled in
postsecondary education in general and in a four-
year institution in particular than their Hispanic
counterparts.

First- and second-generation Asians in the 8th-grade
class of 1988 were more likely than their third-genera-
tion counterparts to enroll in a postsecondary institu-
tion by 1994 (82, 91, and 63 percent, respectively).
Enrollment rates for Hispanic students did not differ
significantly by generation.

SOURCE: NCES 1999d.

and 40 percent of students in the 39 states participating in
State NAEP were at or above the Proficient level in 2000. As
shown in text table 1-3, thirty percent or more of public 8th-
grade students scored at or above the Proficient level in Con-
necticut, Indiana, Kansas, Maine, Massachusetts, Minnesota,
Montana, Nebraska, North Carolina, North Dakota, Ohio,
Oregon, and Vermont, and 20 percent or less scored at that
level in Alabama, Arkansas, California, Georgia, Hawaii,
Louisiana, Mississippi, New Mexico, Oklahoma, South Caro-
lina, Tennessee, and West Virginia. Between 1990 and 2000,
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the percentage of 8th graders performing at or above the Pro-
ficient level increased for 30 out of 31 jurisdictions partici-
pating in both years. Some states made more progress than
others, however. For example, the percentage of public 8th-
grade students scoring at the Proficient level tripled in North
Carolina over this 10- year period (from 9 to 30 percent),
while the percentage scoring at that level or higher in North
Dakota remained stable (at about 30 percent).

Summary of NAEP Performance

Although science and mathematics achievement has im-
proved since the late 1960s and early 1970s, the percentage
of students scoring in mathematics at a level considered pro-
ficient is still only about a quarter at the 4th and 8th grades
and one in six in 12th grade. The gap in math and science
proficiency between whites and Asians/Pacific Islanders and
their black, Hispanic, and American Indian/Alaskan Native
counterparts is particularly wide, as is the gap between stu-
dents from low- and high-income backgrounds (as measured
by eligibility for the National School Lunch Program). Al-
though the gap between the scores of white and black stu-
dents narrowed through the 1980s, there is evidence that the
gap is now widening. The range between high- and low-per-
forming students within a particular grade is particularly wide,
pointing to a challenge for programs designed to hold all stu-
dents accountable to high standards.

International Comparisons of Mathematics
and Science Achievement

Internationally, U.S. student relative performance becomes
increasingly weaker at higher grade levels. On the Third In-
ternational Mathematics and Science Study (TIMSS), 9-year-
olds tended to score above the international average,
13-year-olds near the average, and 17-year-olds below it. Even
the most advanced students at the end of secondary school
performed poorly compared with students in other countries
taking similar advanced mathematics and science courses. This
section reviews the mathematics and science performance of
U.S. students, drawing primarily on the 1995 TIMSS and the
1999 repeat of this study at the 8th-grade level (TIMSS-R).

The 1995 TIMSS included assessments of 4th- and 8th-
grade students as well as students in their final year of sec-
ondary school. The study included several components: the
assessments, analyses of curriculums for various countries,
and an observational video study of mathematics instruction
in 8th-grade classes in Germany, Japan, and the United States.
In addition to updating the comparison of U.S. math and sci-
ence achievement in the 8th grade, the design of TIMSS-R
made it possible to track changes in achievement and certain
background factors from the earlier TIMSS study between
the 4th and 8th grades. TIMSS-R also indicates the pace of
educational change across nations, informing expectations
about what can be achieved (NCES 2000f).
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Text table 1-3.

Percentage of students at or above the proficient
level in NAEP mathematics by state for grade 8
public schools: 1990-2000

State 1990 1992 1996 2000
National ....................... 52 202 232 26
Alabamac.................... 9P 10° 12 16
Arizonac ...... 82 58 18 21
Arkansas .... 9P 10° 13 14
Californiac.... 120 16 17 18
Connecticut 22b 26° 31 34
Georgia ...covereeeereenne 14p 13° 16 19
Hawaii . 120 14 16 16
Idaho® ......cccveeeeens 18 22 — 27
liNOIS® ... 58 — — 27
Indiana® ........ccccecueueee. 17° 20 242 31
Kansas® .....ccccceeeeccunnees — — — 34
Kentucky .... .. 10° 14° 162 21
Louisiana.......c..cc........ BE 77 7 12
Maine® ......ccccoveeeenennn. — 2P 31 32
Maryland ....... 17° 20° 24 29
Massachusetts .. — 23° 282 32
Michigane ...... .. 1e° 190 28 28
Minnesotac ................. 23 Bl 342 40
MiSSISSIPPI wvveeeereriiennes — 6 7 8
Missouri ..... — 20 22 22
Montanac.... 27° — 32 37
Nebraska.... .. 240 262 31 31
Nevada.....cccccceeeeeennnns — — — 20
New Mexico 100 11 14 13
New York B 158 20 22 26
North Carolina............. 9 28 20 30
North Dakota.............. 27 29 €8] 31
(0] 311 58 18° — 31
Oklahoma.................... 82 17 — 19
Oregon® o 21% — 262 32
Rhode Island .............. 58 16° 202 24
South Carolina ........... — 15 142 18
Tennessee ..... . — 12° 15 17
Texas .... SR (68 18° 21 24
Utah ........ . — 222 24 26
Vermont® .......ccccvveeenn. — — 27?2 32
Virginia ..o.ccoeeeeeeneenns U7 190 212 26
West Virginia . .9 10° 14° 18
WyYoming ....ccceeevereenns 19° 21b 2P 25

— = Jurisdiction did not participate.

aSignificantly different from 2000 if only one jurisdiction or the nation
is being examined.

bSignificantly different from 2000 when examining only one
jurisdiction and when using a multiple-comparison procedure based
on all jurisdictions that participated both years.

°Indicates that the jurisdiction did not meet one or more of the
guidelines for school participation.

NOTE: National results are based on the national sample, not on
aggregated state assessment samples. Comparative performance
results may be affected by changes in exclusion rates for students
with disabilities and limited-English-proficient students in the
National Assessment of Educational Progress samples.

SOURCE: National Center for Education Statistics, The Nation’s
Report Card: Mathematics 2000, NCES 2001-517 (Washington, DC:
U.S. Department of Education, Office of Educational Research and
Improvement, 2001e).
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Achievement of 4th- and 8th-Grade American
Students in 1995

U.S. 4th-grade students performed at competitive levels in
1995 in both science and mathematics.® In science, they scored
well above the 26-country international overall average as well
as the average in all content areas assessed: earth sciences,
life sciences, physical sciences, and environmental issues/
nature of science. Only students in South Korea scored at a
higher level overall. The 4th-grade assessment in mathemat-
ics covered topics in whole numbers; fractions, and propor-
tionality; measurement, estimation, and number sense; data
representation, analysis, and probability; geometry; and pat-
terns, functions, and relations. U.S. 4th-grade students scored
above the international average on this assessment and per-
formed comparatively well in all content areas except mea-
surement (NCES 1997c¢).

As with 4th-grade students, the TIMSS science assessment
taken by 8th-grade students covered earth and life sciences and
environmental issues, but it also included content in physics
and chemistry. With a mean score of 534 in science, 8th-grade
U.S. students scored above the 41-country international aver-
age of 516. U.S. students performed at about the international
average in chemistry and physics and above average in life sci-
ences, earth sciences, and environmental issues (NCES 1996c¢).

Mathematics was the weaker area of 8th-grade achieve-
ment relative to the performance of students in other coun-
tries. The assessment covered fractions and number sense;
geometry; algebra; data representation, analysis, and prob-
ability; measurement; and proportionality. Overall, 8th-grade
U.S. students performed below the 41-country international
overall average and at about the international average in alge-
bra, data representation, and fractions and number sense. Per-
formance in geometry, measurement, and proportionality was
below the international average.

Change in Relative Performance Between
4th and 8th Grades

Change in the relative performance of U.S. students can
be examined by comparing the average mathematics and sci-
ence scores of U.S. 4th graders in 1995 and 8th graders in
1999 relative to the international average of the 17 nations
that participated in 4th-grade TIMSS and 8th-grade TIMSS-
R. (See sidebar, “How Comparisons Between 4th Graders in
1995 and 8th Graders in 1999 Are Made.”) Figure 1-5 com-
pares the average scores of the 17 nations between 4th-grade
TIMSS and 8th-grade TIMSS-R with the international aver-
ages at both grades for each subject. The numbers shown in
the figure are differences from the international average for
the 17 nations. Nations are sorted into three groups: above
the international average, similar to the international aver-
age, and below the international average.

STIMSS results for 4th-, 8th-, and 12th-grade students have been widely
reported, including in the previous volume of S&E Indicators (National Sci-
ence Board 2000). TIMSS findings are outlined here in only general terms.
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Figure 1-5.

Mathematics and science achievement for TIMSS-R 1999 countries/economies that participated in 1995 at

both the 4th and 8th grades relative to the average across these locations

Mathematics

|Country/economy Fourth grade, 1995 Difference? | Country/economy Eighth grade, 1999 Difference?
Singapore 73 Singapore 80
South Korea 63 South Korea 63
Japan 50 Hong Kong 58
Hong Kong 40 Japan 55
Netherlands 32 Netherlands 16
Czech Republic 23 Hungary 8
Slovenia 8 Canada 7
Hungary 4 Slovenia 6
United States 0 Australia 1
Australia 0 Czech Republic —4
Italy -7 Latvia® -19
Canada -12 United States -22
Latvia® -18 England -28
England -33 New Zealand -33
Cyprus —42 Italy -39
New Zealand —48 Cyprus —48
Iran -130 Iran -102

| Average 517 | Average 524

Science

|Country/economy Fourth grade, 1995 Difference® | Country/economy Eighth grade, 1999 Difference®
South Korea 62 Singapore 44
Japan 39 Hungary 28
United States 28 Japan 25
Australia 28 South Korea 24
Czech Republic 18 Netherlands 21
Netherlands 17 Australia 16
England 14 Czech Republic 15
Canada 12 England 14
ltaly 10 Slovenia 9
Singapore 10 Canada’® 9
Slovenia 8 Hong Kong 5
Hong Kong -6 United States -9
Hungary -6 New Zealand -15
New Zealand -9 Latvia® -21
Latvia® -27 Italy -26
Cyprus —64 Cyprus —64
Iran -134 Iran -76

[ Average 514 | [Average 524

Does not differ significantly from international average.

Significantly higher than international average.
Significantly lower than international average.

TIMSS = Third International Mathematics and Science study.

2Difference is calculated by subtracting international average of 17 locations from national average of each one.

Only Latvian-speaking schools were tested.

°Shading may appear incorrect, but is statistically correct.

SOURCE: National Center for Education Statistics, Pursuing Excellence: Comparisons of International Eighth-Grade Mathematics and Science Achievement
from a U.S. Perspective, 1995 and 1999, NCES 2001-028, Washington, DC: U.S. Department of Education, Office of Educational Research and

Improvement: 2000f.

The available evidence appears to confirm what had been
suggested four years ago: the relative performance of U.S.
students in mathematics and science is lower in 8th grade
than in 4th grade among this group of nations. In mathemat-
ics, the U.S. 4th-grade score in 1995 was similar to the inter-
national average of the 17 nations in-common between the

Science & Engineering Indicators — 2002

4th-grade TIMSS and 8th-grade TIMSS-R. At the 8th-grade
level in 1999, the U.S. average in mathematics was below the
international average of the 17 nations. Because U.S. 4th grad-
ers performed at the international average in 1995 and U.S.
8th graders performed below the international average in 1999
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How Comparisons Between 4th Graders
in 1995 and 8th Graders in 1999
Are Made

The Third International Mathematics and Science
Study (TIMSS) and other studies before it have sug-
gested that the international performance of the United
States relative to other nations appears lower at grade
8 in both mathematics and science than at grade 4.
These statements were based on comparisons of the
relative standing of 4th- and 8th-grade students in the
same Yyear, as opposed to a comparison of the growth
in scores of cohorts of 4th graders over time. TIMSS-
R provides the opportunity to examine how the rela-
tive achievement of U.S. 4th-grade students in 1995
compares with the achievement of 8th-grade students
four years later in 1999. Direct comparisons between
the 1995 4th-grade assessment and the 1999 8th-grade
assessment are complicated by several factors, how-
ever. First, the 4th-grade and 8th-grade assessments
include different test questions. By necessity, the type
of mathematics and science items that can be asked of
an 8th grader may be inappropriate for a 4th grader.
Second, because mathematics and science differ in the
two grades, the content areas assessed also differ. For
example, geometry and physics at grade 4 are differ-
ent from geometry and physics at grade 8. Without a
sufficient set of in-common test items between the
grade 4 and grade 8 assessments (which is the way that
assessments are equated across ages and grades in the
National Assessment of Educational Progress), it can
be difficult to construct a reliable and meaningful scale
on which to compare 1995 4th graders to 1999 8th grad-
ers. Thus, comparisons in this section between 4th and
8th grade are based on the performance relative to the
international average of the 17 nations that participated
in 4th-grade TIMSS and 8th-grade TIMSS-R.

SOURCE: NCES 2000f.

in mathematics, this suggests that the relative performance of
the cohort of 1995 U.S. 4th graders in mathematics was lower
relative to this group of nations four years later.

In science, the U.S. 4th-grade score in 1995 was above the
international average of the 17 nations in-common between
the 4th-grade TIMSS and 8th-grade TIMSS-R. At the 8th-
grade level in 1999, the U.S. average in science was similar
to the international average of the 17 nations. Thus, U.S. 4th
graders performed above the international average in 1995
and U.S. 8th graders performed at a level similar to the inter-
national average in 1999 in science. As in mathematics, this
suggests that the relative performance of the cohort of U.S.
4th graders in science was lower relative to this group of na-
tions four years later. The data also suggest that, in science,
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the relative performance of the cohort of 1995 4th graders in
Singapore and Hungary was higher relative to this group of
nations in 1999; the relative performance of the cohort of
1995 4th graders in Italy and New Zealand was lower relative
to this group of nations four years later; and the relative per-
formance of the cohort of 1995 4th graders in the 12 other
nations was unchanged relative to this group of nations four
years later.

Mathematics and Science Achievement of 8th
Graders in 1999

For most of the 23 nations that participated in 81 grade in
both TIMSS and TIMSS-R, including the United States, there
was little change in the mathematics and science average scores
over the four-year period. There was no change in 8th-grade
mathematics achievement between 1995 and 1999 in the United
States and in 18 other nations. (See text table 1-4.) Three na-
tions, Canada, Cyprus, and Latvia, showed an increase in over-
all mathematics achievement between 1995 and 1999. One
nation, the Czech Republic, experienced a decrease in overall
math achievement over the same period. In the United States
and 17 other nations, there was no change in the science achieve-
ment score of 8th graders between 1995 and 1999; while it
increased in four countries and decreased in one.

Students’ Achievement in the Final Year
of Secondary School

Students’ performance in the final year of secondary school
can be considered a measure of what students have learned
over the course of their years in school. Assessments were
conducted in 21 countries in 1995 to examine performance
on the general knowledge of mathematics and science ex-
pected of all students and on more specialized content taught
only in advanced courses.

Achievement on General Knowledge Assessments. The
TIMSS general knowledge assessments were taken by all stu-
dents in their last year of upper secondary education (12th
grade in the United States), including those not taking ad-
vanced mathematics and science courses. The science assess-
ment covered earth sciences/life sciences and physical
sciences, topics covered in grade 9 in many other countries
but not until grade 11 in U.S. schools. On the general science
knowledge assessment, U.S. students scored 20 points below
the 21-country international average, comparable to the per-
formance of 7 other nations but below the performance of 11
nations participating in the assessment. Only 2 of the 21 coun-
tries, Cyprus and South Africa, performed at a significantly
lower level than the United States. Countries performing simi-
larly to the United States were Germany, the Russian Federa-
tion, France, the Czech Republic, Italy, and Hungary.

A curriculum analysis showed that the general mathemat-
ics assessment given to students in their last year of second-
ary education covered topics comparable to 7th-grade material
internationally and 9th-grade material in the United States.
Again, U.S. students scored below the international average,
outperformed by 14 countries but scoring similarly to Italy,
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Text table 1-4.

Comparison of 8th-grade mathematics and
science achievement, by country or economy:
1995 and 1999

Country/economy 1995 1999 Difference?

Mathematics

(Latvia)® ...eeoeeeeeeeeeeeeeeenns 488 505 17+
Hong Kong ... 569 582 13
(Netherlands) . 529 540 11
Canada ...... 521 531 10*
(Lithuania)° .... . 472 482 10
United States . 492 502 9
Cyprus ....... 468 476 9*
Belgium ...... 550 558 8
South Korea .. 581 587 6
(Australia) ... 519 525 6
Hungary . . 527 532 5
Iran ....ccooovveeees . 418 422 4
Russian Federation .. 524 526 2
Slovak Republic .... 534 534 0
(Slovenia) ...... 531 530 -1
(Romania) ... 474 472 -1
(England) 498 496 -1
Japan ..... 581 579 -2
Singapore.... 609 604 -4
ltaly ..o 491 485 —6
New Zealand . 501 491 -10
(Bulgaria) ....... . 527 511 -16
Czech Republic...... . 546 520 -26*
International average ........ 519 521 2
Science
({2 A ) R 476 503 27*
(Lithuania)° . 464 488 25*
Hong Kong . . 510 530 20
Canada ...... . 514 533 19*
Hungary . 537 552 16*
(Australia) . 527 540 14
Cyprus ......c...... - 452 460 8
Russian Federation .. 523 529 7
(England) ........... 533 538 5
(Netherlands) ..... 541 545 3
Slovak Republic . 532 535 3
South Korea ...... . 546 549 3
United States . 513 515 2
Belgium ......... . 533 535 2
(Romania) . 471 472 1
ltaly ...ccoeeeeee . 497 498 1
New Zealand ..................... 511 510 -1
Japan ..., 554 550 -5
(Slovenia) ... 541 533 -8
Singapore.... 580 568 -12
Iran ..o 463 448 -15
Czech Republic. 585) 539 -16
(Bulgaria) .......cc.ec... . 545 518 27
International average ........ 518 521 3

*1999 average is significantly different from the 1995 average.

aDifference is calculated by subtracting 1995 score from 1999 score.
Detail may not add to totals because of rounding.

5Only Latvian-speaking schools were tested.

°Lithuania tested the same cohorts of students as other locations, but
later in 1999, at the beginning of the next school year.

NOTES: Parentheses indicate countries not meeting international
sampling and/or other guidelines in 1995, 1999, or both years. The
international average is derived from the national averages of 23
locations. Tests for significance take into account the standard error for
the reported differences. Thus, a small difference between the 1995 and
1999 averages for one location may be significant, whereas a large
difference for another location may not be significant. The 1995 scores
are based on rescaled data.

SOURCE: National Center for Education Statistics, Pursuing Excellence:
Comparisons of International Eighth-Grade Mathematics and Science
Achievement From a U.S. Perspective, 1995 and 1999, NCES 2001-028
(Washington, DC: U.S. Department of Education, Office of Educational
Research and Improvement, 2000f).
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the Russian Federation, Lithuania, and the Czech Republic. As
on the general science assessment, only Cyprus and South Af-
rica performed at a lower level. These results suggest that stu-
dents in the United States appear to be losing ground in
mathematics and science to students in many other countries
as they progress from elementary to middle to secondary school.

Achievement of Advanced Students. On advanced math-
ematics and science assessments, U.S. 12th grade students who
had taken advanced coursework in these subjects performed
poorly compared with their counterparts in other countries, even
though U.S. students are less likely to have taken advanced
courses than students at the end of secondary school in other
countries. The TIMSS physics assessment was administered to
students in other countries who were taking advanced science
courses and to U.S. students who were taking or had taken phys-
ics | and I, advanced physics, or advanced placement (AP)
physics (about 14 percent of the entire age cohort). The assess-
ment covered mechanics and electricity/magnetism as well as
particle, quantum, and other areas of modern physics. Com-
pared with their counterparts in other countries, U.S. students
performed below the international average of 16 countries on
the physics assessment. (See figure 1-6.) The mean achieve-
ment scores of the United States (423) and Austria (435) were
at the bottom of the international comparison (average = 501).
Students in 14 other countries scored significantly higher than
the United States. The subset of U.S. students taking or having
taken AP physics scored 474 on the assessment, similar to scores
of all advanced science students in nine other countries, and
six countries scored higher (scores ranged from 518 to 581).
Only Austria performed at a significantly lower level, with an
average score of 435 (NCES 1998b). However, U.S. AP phys-
ics students represented a much smaller proportion of the age
cohort in the United States (about 1 percent of the relevant age
cohort) than did the students taking the advanced physics as-
sessment in most of the other countries. For example, the phys-
ics assessment was taken by about 14 percent of the relevant
age cohort in Canada, 20 percent in France, 8 percent in Ger-
many, and 14 percent in Switzerland (NCES 1998b).

The advanced mathematics assessment was administered
to students in other countries who were taking advanced math-
ematics courses and to U.S. students who were taking or had
taken calculus, precalculus, or AP calculus (about 14 percent
of the relevant cohort). One-quarter of the items tested calcu-
lus knowledge. Other topics included numbers, equations and
functions, validation and structure, probability and statistics,
and geometry.

The international average on the advanced mathematics
assessment was 501. U.S. students, scoring 442, were outper-
formed by students in 11 nations, whose average scores ranged
from 475 to 557. No nation performed significantly below
the United States; Italy, the Czech Republic, Germany, and
Austria performed at about the same level. (See figure 1-6.)
U.S. students who had taken AP calculus had an average score
of 513 and were exceeded only by students in France. Five
nations scored significantly lower than the AP calculus stu-
dents in the United States. Thus, the most advanced math-
ematics students in the United States (about 5 percent of the
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Figure 1-6.

Chapter 1. Elementary and Secondary Education

Average scale score on TIMSS physics and advanced mathematics assessment for students in final year of

secondary school: 1994-95
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Advanced mathematics

/ France 557
(Russian Federation) 542
Switzerland 5333
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SOURCE: I. Mullis, M. Martin, A. Beaton, E. Gonzalez, D. Kelly, and T. Smith. Mathematics and Science Achievement in the Final Year of Secondary
School: IEA’s Third International Mathematics Study (TIMSS) (Chestnut Hill, MA: Boston College, TIMSS International Study Center: 1998).

relevant age cohort) performed similarly to 10 to 20 percent
of the age cohort in most of the other countries. In other words,
U.S. calculus students performed at a level similar to a num-
ber of other countries, although the percentage of the relevant
age cohort (e.g., 17-year-olds) taking the test was significantly
lower than in other countries.

Summary of International Assessment Results
Data from TIMSS and TIMSS-R show that U.S. students
generally perform comparatively better in science than in
mathematics; that students in the primary grades demonstrate
the strongest performance, especially in science; that students
in grade 8 show weaker performance; and that those in grade
12 show weaker performance still, relative to their counter-
parts in other countries. Furthermore, while the United States
tends to have fewer young people taking advanced math and
science courses, students that do take them score lower on
assessments of advanced mathematics and physics than do
students who take advanced courses in other countries.
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Science and Mathematics Coursework

Concerns about both the content and lack of focus of the
U.S. mathematics and science curriculum, both as it is stated
in state-level curricular frameworks and how it is implemented
in the classroom, have appeared in major studies since the
early 1980s (NCES 2000d). In 1983, the National Commis-
sion on Excellence in Education concluded that the curricu-
lar “smorgasbord” then offered in American schools combined
with extensive student choice explained a great deal of the
low performance of U.S. students (National Commission on
Excellence in Education 1983).

Since the publication of 4 Nation At Risk nearly 20 years
ago, most states have increased the number of mathematics
and science courses required for high school graduation as a
way to address this concern. A number of states and districts
have also implemented “systemic” or “standards-based” reform
efforts in order to align curricular content with student testing
and teacher professional development. (See sidebar, “The NGA
Perspective on Systemic, Standards-Based Reform™). This sec-
tion examines state-level changes in curricular requirements,
as well as changes in student course-taking patterns. While the
impact of these changes on student performance is uncertain,
it is clear that more students are taking advanced mathematics
and science courses than they were two decades ago.
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Changes in State-Level Graduation
Requirements

As of 2000, 25 states required at least 2.5 years of math
and 20 states required 2.5 years of science; in 1987, only 12
states required that many courses in math and only 6 states

The NGA Perspective on Systemic,
Standards-Based Reform

According to the National Governors Association
(NGA), systemic, standards-based education reform
centers on the premise that all students can achieve at
high levels and is based on rigorous academic standards
for student learning. This is a comprehensive approach
that aligns numerous educational policies, practices, and
strategies, including:

4 Content standards—standards that reflect subject-
matter benchmarks;

¢ Performance standards—standards that clarify the
benchmarks to be obtained,;

4 Student assessments—tests that measure student
performance against content and performance stan-
dards;

4 An accountability system—a system that monitors
student and school performance;

¢ Teacher preparation—Ilicensure requirements that
permit someone to teach;

4 Professional teacher development—activities that
provide continued learning opportunities;

4 A governance structure—a structure that defines
how decisions are made; and

4 Public support—tools that help the public under-
stand the education reforms.

The premise underlying systemic, standards-based
reform is that rigorous academic standards make
achievement expectations clear. In principle, standards
detail what students should know and be able to do in
various subjects at each grade level or at specified bench-
mark grade levels. High-quality assessments can then
measure student progress toward meeting the standards
and provide parents, teachers, and policymakers with
information about student progress. A strong account-
ability system is one that holds schools, educators, and
students accountable for making sure students achieve
the established standards. A solid system also recog-
nizes high-performing or improving students and schools
for their success and provides assistance and guidance
to struggling students and schools.

SOURCE: National Governor’s Association Center for Best Practices,
n.d.
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required that many courses in science. A survey of states con-
ducted by the Council of Chief State School Officers (CCSSO)
in 2000 showed the following state totals for required credits
in mathematics and science (CCSSO 2000a):

4 Twenty-one states required between 2.5 and 3.5 credits of
mathematics and four states required four credits.

4 Sixteen states required between 2.5 and 3.5 credits of sci-
ence and four states required four credits.

4 Five states left graduation requirements to local districts.

The National Education Commission on Time and Learn-
ing (NECTL) cites research indicating positive effects of
strengthened graduation requirements. As schools offered
more academic courses, particularly in mathematics and sci-
ence, more students, including minority and at-risk students,
actually enrolled in the courses (National Education Com-
mission on Time and Learning 1994). Data from high school
transcripts collected by NCES support this finding. Students
took more advanced science and mathematics courses in 1998
than did students who graduated in the early 1980s (NCES
2001c). In 1998, almost all graduating seniors (93 percent)
had taken biology, and more than one-half (60 percent) had
taken chemistry. (See figure 1-7 and text table 1-5.) In com-
parison, 77 percent of 1982 seniors had completed biology
and 32 percent had completed chemistry. In the class of 1998,
more than one-quarter (29 percent) of graduates had com-
pleted physics compared with 15 percent of 1982 graduates.
Participation rates in AP or honors science courses are con-
siderably lower: 16 percent for biology, 5 percent for chemis-
try, and 3 percent for physics (NCES 2001c).

In 1998, more graduating students had taken advanced
mathematics courses than did their counterparts in the early
1980s (see figure 1-7). In 1998, 62 percent of students had
taken algebra Il compared with 40 percent in 1982. The 1998
participation rates for geometry and calculus were 75 percent
and 11 percent, respectively. Corresponding figures for 1982
were 47 percent in geometry and 5 percent in calculus. The
percentage of graduates taking AP calculus rose from 1.6 to
6.7 percent over the same period (NCES 2001c).

From 1982 to 1998, there was a corresponding decrease in
the percentage of graduates who took lower level mathemat-
ics courses. For example, the average number of Carnegie
units in mathematics earned by graduates increased from 2.6
to 3.4 between 1982 and 1998, but the average number of
units earned in courses at a lower level than algebra declined
from 0.90 to 0.67 (NCES 2001c).6

Differences in Course Participation by Sex

Given the established association between courses taken
in high school and later educational outcomes (J. Smith 1996;
Sells 1978), the lower representation of females throughout
the science, mathematics, and engineering pipeline has been

6 The Carnegie unit is a standard of measurement that represents one unit
of credit for the completion of a one-year course.
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Figure 1-7.

Percentage of high school graduates who took
selected mathematics and science courses:
1982, 1987, 1990, 1994, and 1998
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SOURCE: National Center for Education Statistics, The 1998 High
School Transcript Study Tabulations: Comparative Data on Credits
Earned and Demographics for 1998, 1994, 1990, 1987, and 1982 High
School Graduates, NCES 2001-498, Washington DC: U.S. Department
of Education, Office of Educational Research and Improvement: 2001a.
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a cause for concern. Therefore, there has long been an inter-
est in tracking sex differences in the patterns of advanced
mathematics and science courses taken in high school.

Both female and male students are following a more rig-
orous curriculum than they were two decades ago, and fe-
male graduates in 1998 were more likely than males (58 versus
53 percent) to have completed the “New Basics” curriculum,
composed of four units of English and three units each of
science, social studies, and mathematics, as recommended in
A Nation At Risk (NCES 2000b). Comparison of the tran-
scripts of high school graduates indicates that female and male
students have broadly similar coursetaking patterns, although
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there are some differences. Female students are as likely as
males to take advanced math and science courses but are more
likely to study a foreign language. Between 1982 and 1992,
the percentage of both female and male graduates who took
advanced mathematics and science courses in high school in-
creased, although for many subjects parity between the sexes
had been attained by 1982 (NCES 2000b). In the class of 1998,
females were less likely than males to take remedial mathemat-
ics in high school but at least as likely as their male peers to
take upper level mathematics courses such as algebra I, trigo-
nometry, precalculus, and calculus. (See figure 1-8 and text
table 1-5.) With respect to science, females were more likely
than males to take biology and chemistry. Females have con-
tinued, however, to be less likely than males to take physics
(NCES 2000b).

Research has shown that once females begin science
courses, they are taught similar amounts of science and re-
ceive grades similar to (or better than) those of their male
counterparts (Hanson, Schaub, and Baker 1996; Baker and
Jones 1993; DeBoer 1984).

Differences in Course Participation
by Race/Ethnicity

Students from racial/ethnic groups that are typically
underrepresented in science have made substantial gains in
both the total number of academic courses taken in high school
and in the number of advanced mathematics and science

Figure 1-8.

Percentage of 1998 high school graduates who
took selected mathematics and science courses in
high school, by sex
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SOURCE: National Center for Education Statistics, Trends in
Educational Equity of Girls and Women, NCES 2000-030
(Washington, DC: U.S. Department of Education, Office of
Educational Research and Improvement: 2000h).
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Text table 1-5.
High school graduates who completed selected mathematics and science courses in high school,
by sex and race/ethnicity
(percentages)
1998
Race/ethnicity

Asian/ American

Pacific Indian/Alaskan
Courses (Carnegie units) 1982 1987 1990 1994 Total Male Female White Black Hispanic Islander Native

Mathematics?

Any mathematics (1.0) ...cccocceeeeeenennes 98.5 99.0 99.9 99.8 99.8 99.8 99.8 99.8 99.9 99.8 100.0 99.7
Algebra | (1.0)° 55.2 58.8 63.7 65.8 62.8 62.0 63.6 63,5 623 614 56.8 63.3
Geometry (1.0) 471 58.6 63.2 70.0 751 737 773 77.7 725 623 75.9 57.2
Algebra ll (0.5)° ...covvereeieereriesieeieneenes 39.9 49.0 52.8 61.1 61.7 59.8 63.7 64.6 55.6 483 70.1 46.6
Trigonometry (0.5) .............. 8.1 115 9.6 11.7 89 82 97 10.0 4.8 5.6 11.7 5.5
Analysis/precalculus (0.5) .. 6.2 12.8 13.3 17.3 23.1 231 22.8 250 13.8 158 41.3 16.4
Statistics/probability (0.5) .. 10 11 1.0 20 37 34 3.9 43 241 1.7 3.8 3.7
Calculus (1.0) cooeeeieeiieeiieeee e 50 6.1 6.5 93 11.0 11.2 10.6 12.1 6.6 6.2 18.4 6.2
AP/IB calculus (1.0) ..ccceeevveecieeiennee. 16 34 41 70 6.7 73 6.4 75 34 3.7 13.4 0.6
Science
Any science (1.0) ..cceevveeeieeeceeeiiecieenns 96.4 97.8 99.3 995 99.5 99.5 996 99.5 99.3 99.3 99.4 99.4
Biology (1.0) ... 77.4 86.0 91.0 93.2 92.7 914 941 93.7 92.8 86.5 92.9 91.3
AP/IB honors biology (1.0) ............... 10.0 9.4 10.1 119 16.2 145 18.0 16.7 154 12.6 22.2 6.0
Chemistry (1.0) c.oeoveeeiieeieeeeceecieeee 321 442 489 558 60.4 57.1 63.5 632 543 46.1 72.4 46.9
AP/IB honors chemistry (1.0) . 30 35 35 39 47 49 47 48 35 4.0 10.9 0.9
Physics (1.0) ccccveeveeecieennee 15.0 20.0 21.6 24.5 28.8 31.7 26.2 30.7 214 18.9 46.4 16.2
AP/IB honors physics (1.0). 12 18 20 27 30 4.0 2.1 3.0 2.1 2.1 7.6 0.9
Engineering (1.0) «.ooooveeeveeeeieeecieeens 12 26 42 45 6.7 741 6.5 79 438 2.3 5.2 9.6
Astronomy (0.5) ...ccoveevieeeiiieiiecieecieens 12 1.0 12 17 19 24 15 24 09 0.8 1.0 2.1
Geology/earth science (0.5) .. ... 13.6 13.4 247 229 20.7 215 20.1 215 24.2 15.9 9.5 21.7
Biology and chemistry (2.0) ................ 29.3 414 475 53.7 59.0 55.4 62.3 62.0 53.0 43.7 69.5 43.2
Biology, chemistry, and physics (3.0)... 11.2 16.6 18.8 21.4 254 27.4 237 27.6 17.4 15.9 40.2 14.2

AP = Advanced placement; IB = International Baccalaureate

aData include only percentage of students who earned credit in each course while in high school and do not count those students who took these courses

before entering high school. Many students now take algebra | in 8th grade.
PExcludes prealgebra.

°Includes algebra ll/trigonometry and algebra Il/geometry.

NOTE: A Carnegie unit is a standard of measurement that represents one unit of credit for the completion of a one-year course.
SOURCES: National Center for Education Statistics, Digest of Education Statistics 2000, table 140, NCES 2001-034, (Washington DC: U.S. Department of

Education, Office of Educational Research and Improvement, 2001b).

courses taken, although the range in coursetaking patterns
remains wide. The emphasis on academic coursetaking is re-
flected by the increase in the percentage of high school gradu-
ates in all racial/ethnic groups taking the “New Basics”
curriculum. The proportion of 1998 high school graduates
who took this core curriculum ranged from about 40 percent
for Hispanics and American Indians/Alaskan Natives, to 56
percent for blacks and whites, to 66 percent for Asians/Pa-
cific Islanders. This is a substantial increase from 1982, when
only 14 percent of graduates took this stringent curriculum
(NCES 2001c).

Students in all racial and ethnic groups are taking more
advanced mathematics and science courses, although black,
Hispanic, and American Indian/Alaskan Native graduates still
lag behind their Asian/Pacific Islander and white counterparts
in advanced mathematics and science coursetaking. For ex-
ample, the percentage of graduates in the class of 1998 who
had taken algebra Il ranged from 47 percent of American In-
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dians/ Alaskan Natives to 70 percent of Asians/Pacific Island-
ers. Percentages for white, black, and Hispanic graduates were
65, 56, and 48 percent, respectively. (See text table 1-5.) Fur-
thermore, Asians/Pacific Islanders were a third more likely
than whites to take calculus (18 versus 12 percent) and ap-
proximately three times more likely than blacks, Hispanics,
and American Indians/Alaskan Natives (about 6 percent each).
Also, although 46 percent of Asian/Pacific Islander gradu-
ates took physics in high school, blacks, Hispanics, and Ameri-
can Indians/Alaskan Natives were less than half as likely to
do so (NCES 2001c). From a coursetaking perspective at least,
it appears that all racial and ethnic groups are better prepared
for college today than they were in the early 1980s, although
blacks, Hispanics, and American Indians/Alaskan Natives are
less prepared than their Asian/Pacific Islander and white peers.

Both prior achievement and peer choices appear to strongly
influence coursetaking in high school. Although some re-
searchers have found that minority and low socioeconomic
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status (SES) students are more likely to be assigned to lower
curriculum tracks in high school, even after ability is held con-
stant (Oakes 1985; Rosenbaum 1980, 1976), others have found
that verbal achievement scores and the expectations and guid-
ance of others (parents, teachers, guidance counselors, and
peers) are influenced by race and SES and that these mediating
variables then influence track placement (Cicourel and Kituse
1963; Rosenbaum 1976; Erickson 1975; Heyns 1974). Fordham
and Ogbu (1986) argue that one major reason black students
do poorly in school is that they experience inordinate ambiva-
lence and affective dissonance with regard to academic effort
and success. They argue that because of these social pressures,
many black students who are academically able do not muster
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the necessary perseverance in their schoolwork. (See sidebar,
“Advanced Placement Test Results.”)

Impact of Coursetaking on Student Learning

On balance, it appears to be too early to draw general con-
clusions about the quality of either the new courses required
in state-level curriculums or the advanced mathematics and
science courses that more and more students are taking. Stud-
ies of “dilution” of course content are mixed and not uniform
across all students. Moreover, many of these studies were
conducted in only a handful of states and school districts and
for only a handful of courses, with the earlier studies having

Advanced Placement Test Results in Urban Schools

A recent study by the Council of the Great City Schools
(GCS), titled Advancing Excellence in Urban Schools: A
Report on Advanced Placement Examinations in the Great
City Schools, examined advanced placement (AP)
coursetaking patterns and subject test results in America’s
urban schools. The council conducted the analysis in col-
laboration with the College Board, which offers AP courses
and exams in 33 subjects. Findings were based on approxi-
mately 38,000 AP test results from 58 GCS districts in the
spring of 1999. Results showed that:

4 Mean AP test scores for GCS students were more likely
to be below the 3.0 needed to earn college credit than
were the scores of students nationally, whose mean AP
test scores were slightly above 3.0.

4 African American GCS students were more likely to
take AP exams in English language, biology, and En-
glish literature; they were least likely to take calculus
BC and physics C (electricity and magnetism) exams.

4 Hispanic GCS students were most likely to take En-
glish literature, calculus AB, and physics B exams; they
were least likely to take calculus BC and computer sci-
ence A exams.

4 Asian American GCS students were most likely to take
calculus BC and physics C (electricity and magnetism)
exams; they were least likely to take AP exams in En-
glish language and English literature.

4 GCS students posted their highest average AP scores in
calculus (3.3) and lowest average scores in physics and
chemistry (2.2).

4 GCS students who had taken more core courses outscored
those who had taken fewer core courses. For this study
“core” academic preparation was defined as the courses
in each content area that many college admissions officers
use to determine proper academic preparation for an in-
coming first-year college student. For example, the core
includes three years of mathematics, such as one year credit
each for Algebra 1, Algebra 2, and Geometry and one-

half year credit each for Trigonometry, Calculus (not Pre-
calculus), other mathematics courses beyond Algebra 2,
and Computer Mathematics/Computer Science. The core
also includes three years of science reasoning, such as
one year credit each for General/Physical/Earth Science,
Biology, Chemistry, and Physics.

4 Nationally, students with core or more academic prepa-
ration attained higher AP subject test scores than GCS
students with similar academic preparation. African
American test-takers in the GCS were less likely to have
taken core courses in Biology and Chemistry than all
other racial groups in the GCS. Hispanic test-takers in
the GCS were more likely to have taken core courses in
Chemistry than all other racial groups in the GCS.

4 AP scores nationally and in GCS were strongly related
to family income. Students nationally outscore their
GCS counterparts at each household income bracket.
The only GCS students who had average scores of 3.0
or above in any AP subject were those with household
incomes greater than $80,000.

4 White students were likely to outperform other students
nationally and in GCS. White students in the national sample
had higher AP subject test scores than their white counter-
parts in the GCS. African American students in the GCS
scored lower than their counterparts in the national sample.

The Council of the Great City Schools consists of 57
urban school districts (out of 16,411 in the United States)
and enrolls about 14 percent of the students attending U.S.
public schools. These districts serve a larger proportion of
minority students than the national average (73 percent of
students were black or Hispanic in 1999), and the major-
ity are poor (63 percent are free-lunch eligible compared
with 35 percent of students nationally).

SOURCE: Council of the Great City Schools (CGCS) and the College
Board. 2001. Advancing Excellence in Urban Schools: A Report On Ad-
vanced Placement Examinations in the Great City Schools. \Washington,
DC <http://www.cgcs.org/reports/home/ap_1999.htm> and Key Facts:
1997-98 Data About Council Member Districts <http://www.cgcs.org/
reports/data/index.cfm>.
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been conducted not long after the increased requirements were
enforced. Thus, there may have been little opportunity for
revisions and improvement.

Several studies point to possible negative effects of stron-
ger coursetaking requirements. For example, minority and at-
risk students failed more courses than they did before stronger
mandates were put into practice (NECTL 1994). Opinions
differ on the quality of the additional courses taken, espe-
cially those taken by low-achieving students. There has been
particular concern about the quality of new mathematics
courses designed for low achievers, who, under a traditional
curriculum, would have taken general or basic mathematics.
Research suggests that implementation of state-level man-
dates for stronger coursetaking requirements varies greatly
across districts and schools. Studying 18 high schools in 12
districts in 6 states, Porter, Smithson, and Osthoff (1994) found
some schools pushing students into demanding content in
higher level course while others did not. Furthermore,
Gamoran (1997) found that bridging courses, those designed
to prepare lower achieving students for college-preparatory
courses, achieved some success in improving student achieve-
ment. Research in this area is inadequate, however, for evalu-
ating whether or not the increase in state-level curricular
requirements have changed the level of difficulty or quality
of mathematics and science courses offered to students.

Additional studies accessing the content of the mathemat-
ics curriculum, as well the quality of 8th grade mathematics
instruction, are described in the section on Curriculum and
Instruction. Strengthening course-taking requirements is only
one component of most educational reform strategies, how-
ever. The next section examines states’ attempts to implement
state-wide curricular frameworks, as well as assessments of
the underlying content.

Content Standards
and Statewide Assessments

In the 1980s, most states approved policies aimed at im-
proving the quality of K-12 education, implementing state-
wide curriculum guidelines and frameworks as well as
assessments. At present, half of the states require students to
pass some form of exit examination to graduate from high
school, and others report developing such tests (CCSSO
2000a). Underlying this reform agenda is the assumption that
these standards and assessments will lead to higher student
achievement. However, assessments and standards are not
always tightly linked, and the implied performance incentives
for students, teachers, and administrators vary across states.
Furthermore, there is concern that some state-level assess-
ments focus too much on facts, even though the associated
standards call for complex scientific inquiry. This section re-
views the national data available concerning the implementa-
tion of standards and assessments across states. Particular
attention is paid to the alignment of these new standards and
assessments to student achievement by reviewing recent re-
search in this area.
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Adoption of Content Standards

State-level content standards are typically intended to pro-
vide the basis for state and local decisions on curriculum, texts,
instructional materials, student assessments, teacher prepara-
tion and professional development, and other components of
programs of instruction (CCSSO 2000a). CCSSO reported that,
by 2000, 49 states had established content standards in math-
ematics and 46 states had established standards in science
(CCSSO 2000a). Teachers remain concerned, however, that
standards do not always provide clear guidance regarding the
goals of instruction and that schools do not yet have access to
top-quality curriculum materials aligned with the standards
(Achieve 2000). The next section highlights some issues re-
garding the degree to which states require or facilitate the align-
ment between instructional materials and standards.

Statewide Policies on Textbooks
and Standards

One way that states can influence the implementation of
mathematics and science standards is to select or recommend
textbooks and curriculum materials for schools that are aligned
with their standards. Fewer than half of the states, however,
mandate or recommend particular textbooks and curriculum
materials. The Council of Chief State Officers reported that a
total of 21 states had a state policy regarding textbooks and
curriculum materials for classrooms, as of spring 2000
(CCSSO0 2000a). Among the total, 11 have a state policy de-
fining state selection of textbooks and materials to be used
and another 10 recommend texts or materials to the local dis-
tricts. In 2000, 20 of the 21 states with a textbook policy use
their state content standards to select or recommend curricu-
lum materials, the same as in 1998.

Some examples of state policies on textbooks include Cali-
fornia, where content standards and frameworks are used to
select the materials that will be adopted by the State Board of
Education and recommended to school districts and Tennes-
see, where the state adopts an approved list of curricular ma-
terials from which local schools boards may then choose and
receive state funds. These policies contrast with those of
Alaska and New Jersey, where textbook selection decisions
are left up to the local boards. As noted above, most states do
not have a statewide policy on aligning textbooks and stan-
dards (CCSSO 2000a). (See sidebar, “States Band Together
to Create a Market for Standards-Based Materials”).

State Assessment Programs in Mathematics
and Science

Nearly all states conduct statewide assessments in math-
ematics, although the grades assessed and the type of test
vary widely. Results of the most recent CCSSO Annual Sur-
vey of State Student Assessment Programs (for the 1998/99
school year) show that 48 states have a statewide program in
one or more subjects (CCSSO 2000a). Although many states
have administered statewide assessments of student learning
since the 1970s, additional states approved policies requiring
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States Band Together to Create a Market
for Standards-Based Materials

Although some states set statewide curriculums and
approve textbooks for statewide use, the development
and use of curricular materials is typically the respon-
sibility of a local school district or a school. Because
most of the materials used in schools come from com-
mercial publishers, obtaining curricular materials that
are well aligned to a school’s curriculum is a challenge.
One way in which states can influence the development
of standards-based materials is by banding together to
create a larger market. One example of this is the Math-
ematics Achievement Partnership (MAP), a consortium
of 11 states brought together by Achieve, Inc., an inde-
pendent, bipartisan, nonprofit organization created by
governors and corporate leaders to help raise standards
and performance in American schools. MAP is devel-
oping a common set of expectations for middle school
mathematics, and participating states will administer
an 8th-grade assessment based on these expectations.
Although the partnership plans to develop materials, it
may also create enough of a market to encourage pub-
lishers to align their materials with the expectations the
states have jointly produced.

SOURCE: Achieve 2000.

statewide student testing throughout the 1980s and 1990s,
and the number of subjects and grades to be assessed in-
creased. Important factors in the growth of state policies are
greater interest in accountability tied to student performance;
needs for assessing learning growth related to policies and
programs; and federally funded programs linked to state as-
sessments of learning, such as Title I and the Individuals with
Disabilities Education Act (CCSSO 2000a).

In academic year 1998/99, 48 states required statewide
assessments in mathematics, up from 34 states in 1984 and
45 states in 1994; 23 states started at grade 3 or earlier and
nearly all states assessed at least one grade near the end of
high school. Thirty-one states administered norm-referenced
tests and 40 administered criterion-referenced tests (CRT).”
Twenty-five states administered both, depending on the grade
and the purpose of the assessments. All states had multiple-
choice items on their tests, although 26 states included short-
answer questions and 27 included extended-response items
as well. Only two states included individual performance as-
sessments as part of their testing program, and another two
included reviews of portfolios or learning records.

“Norm-referenced tests compare the scores of test takers with those of a
representative, usually national, sample of students who have taken the test
previously. Criterion-referenced tests (CRTs) are designed to indicate the de-
gree of mastery of skills that have been taught. CRTs report how well students
are doing relative to a predetermined performance level on a specified set of
educational goals or outcomes included in the school, district, or state curricu-
lum (Bond 1996).
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Fewer states have statewide assessment programs in science;
there were 33 in 1998/99, up from 13 in 1983/84 and 30 in
1993/94. Among these states, 19 administer norm-referenced
tests, 23 administer criterion-referenced tests, and 9 use some
combination of both at different grades. As with mathematics,
multiple-choice items are included on each state’s tests, although
12 states include short-answer questions, 12 states include ex-
tended-response items, and 6 states included some means of
performance assessment (CCSSO 2000a).

Public Support for Standards and Testing

Although some states have recently delayed the introduc-
tion of high-stakes tests (i.e., tests that students must pass to
either graduate or advance a grade), public support for stan-
dards and testing remains strong. In September 2000, the
nonprofit, nonpartisan research organization Public Agenda
conducted a national survey of parents to gauge whether there
had been backlash against standards. The study contained both
a nationally representative sample of parents and a sample of
parents in districts that are actually implementing higher aca-
demic standards (Public Agenda 2000).8

This study found that only 2 percent of parents who knew
that their school district was implementing higher academic
standards wanted to return to previous practice. Fifty-three
percent wanted to continue with the effort as planned, and
one in three (34 percent) wanted to continue with some ad-
justments. Additional interviews in Boston, Chicago, Cleve-
land, Los Angeles, and New York (five cities with highly
visible efforts to raise standards) returned similar results. More
than 8 in 10 (82 percent) parents who knew their school dis-
trict was implementing higher standards believed their schools
had, in fact, been “careful and reasonable” in putting the new
standards in place.

Relatively few parents in the study said that their child’s
school requires them to take too many standardized tests to
the detriment of other important learning (11 percent), that
teachers in their child’s school “focus so much on preparing
for standardized tests that real learning is neglected” (18 per-
cent), or that their child receives too much homework (10
percent). Furthermore, three out of four parents agreed that
“students pay more attention and study harder if they know
they must pass a test to get promoted or to graduate,” and a
similar proportion agreed that “requiring schools to publi-
cize their standardized test scores is a wake-up call and a good
way to hold schools accountable.”

Parents did not feel, however, that promotion or graduation
decisions should be based on a single test. Almost 8 in 10 (78
percent) agreed that “it’s wrong to use the results of just one
test to decide whether a student gets promoted or graduates.”
(See sidebar, “Employer and College Professor Perceptions of
How Well Young People Are Prepared for Work and College.”)

8This survey was based on a national random sample telephone survey of
803 parents of public school students in grades K—12. The margin of error
for the national sample is +3 percentage points. Oversamples were conducted
with at least 200 additional parents of students who attend public schools in
Boston, Chicago, Cleveland, Los Angeles, and New York, where the margin
of error for each oversample city is £7 percentage points.
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Employer and College Professor Perceptions of How Well Young People
Are Prepared for Work and College

Employers and professors are far more disapproving than
parents or teachers of how well young people are prepared
for college and work, and very large majorities continue to
voice significant dissatisfaction about students’ basic skills.
This finding comes from a recent “Reality Check” Survey
by Public Agenda, a nonprofit, nonpartisan research group.
(See figure 1-9.) This survey tracks whether efforts to set
high education standards have made a difference by inter-
viewing the students and teachers in public schools, the
parents of those students, and the employers and college
professors who deal with recent graduates. Employers and
college professors were asked how they would rate recent
job applicants/freshmen and sophomores across different
topics, including clear writing, work habits, motivation and
conscientiousness, and basic math skills. About two-thirds
of professors found the basic math skills of recent fresh-
men and sophomores to be only “fair” or “poor.” About 80
percent stated that student ability to write clearly was only
“fair” or “poor.” These results point to the continuing gap
between student skill level and preparation for college and
college professor views of the adequacy of that prepara-
tion. Results were similar for employers regarding recent
job applicants. Both professors and employers support test-
ing, with employers more likely to support testing of basic
skills and professors more likely to support a test “show-
ing that they (high school graduates) have learned at higher
levels.” Less than 10 percent of both groups reported think-
ing that “requiring kids to pass a test” before receiving a
high school diploma is a “bad idea.” (See figure 1-10.)

The responses above were derived from telephone in-
terviews conducted in November and December 2000 with
national random samples of 251 employers who make hir-
ing decisions for employees recently out of high school or
college and 254 professors at two- and four-year colleges
who taught freshmen or sophomores in the last two years.
The margin of error for employers and college professors
is +6 percentage points.

SOURCE: Public Agenda Online 2001.

Figure 1-9.

Percentage of employers and college faculty who
rated job applicants/freshman and sophomore
students as “fair” or “poor” on various
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SOURCE: Public Agenda, Reality Check 2001, http://www.public
agenda.org/specials/rc2001/reality6.htm. Accessed 8/20/2001.
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Figure 1-10.
Employee/faculty support for high stakes testing:
20002
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@Data are based on responses to the following question:
Before students are awarded a high school diploma, would you want
the school district where you work/teach to require students to pass
a basic skills test in reading, writing, and math; pass a more
challenging test showing they have learned at higher levels; or do
you think requiring kids to pass a test is a bad idea?

SOURCE: Public Agenda, Reality Check 2001, http://www.public
agenda.org/specials/rc2001/reality6.htm. Accessed 8/20/2001.
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Attitudes of Teachers on Academic Standards
and State Testing

The success of reforms based on state-wide standards and
high-stakes testing rests to a large extent on the commitment
of teachers to align their teaching to the standards. In Septem-
ber 2000, Education Week sponsored a survey of public school
teachers to find out whether they thought that the academic
standards being put into place are helping them teach children
better. Specifically, teachers were asked whether they find the
standards useful or a hindrance, whether they have enough time
and resources to understand the standards and integrate them
successfully into their lesson plans, and whether they feel the
current tests are helping to assess student abilities or are taking
up too much classroom time. Finally, teachers were asked
whether they believe students are learning more (Belden,
Russonello, and Stewart Research and Communications 2000).
The findings of this survey are summarized below.

How Do Teachers View Academic Standards?

Public school teachers generally support the movement to
raise standards, but they are less supportive than the general
public. (See figure 1-11.) Nearly 9 out of 10 teachers said
that raising academic standards for what students should learn
each year and before they graduate is a move in the right di-
rection, 39 percent said it is very much in the right direction,
and 48 percent said it is somewhat in the right direction. Nearly
three-quarters of teachers said that the academic standards
for students in the state where they live are “about right,” 5
percent said the standards are too high, and only 7 percent
said that standards are too low. These findings were similar
for mathematics and science teachers.

Figure 1-11.
Opinion of teachers and general public on move to
raise academic standards: 2000
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NOTE: Data are based on answers to the following:

Many states are adopting new standards for what students should
learn each year before they graduate. In general, do you believe the
emphasis on raising academic standards is a move in the right or in
the wrong direction?

SOURCE: Belden, Russonello, and Stewart Research and
Communications, Making the Grade: Teachers’ Attitudes Toward
Academic Standards and State Testing: Findings of National Survey
of Public School Teachers for Education Week

(Washington, DC: 2000).
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A larger proportion of the general public supports the di-
rection of the standards movement, and these supporters are
more likely than teachers to say that the current standards are
too low. On a national survey conducted in August 2000, 52
percent of Americans believed the movement to adopt new
standards is very much in the right direction, and 32 percent
believed that it is somewhat in the right direction (Public
Agenda 2000). Only 42 percent of the general public said
that the current standards are about right, 5 percent said they
are too high, and 47 percent said they are too low.

Do Teachers Believe That Their Students
Are Meeting Standards?

Nearly two-thirds of public school teachers said that all or
most of their students are currently meeting the standards for
their grade, and only 8 percent said that a few or none of their
students are meeting standards. Suburban teachers, teachers
in schools where fewer than 10 percent of students are re-
ceiving free lunch, and teachers in states with exit examina-
tions were more likely to report that their students were
meeting the standards. Teachers in schools with a high per-
centage of minority students were less likely to say that all or
most of their students are meeting the standards.

Do Teachers Think That the Curriculum
Has Become More Demanding of Students?

The vast majority of teachers feel that the curriculum is
becoming more demanding of students. In the 2000 study
cited above, 79 percent of teachers reported that the curricu-
lum is more demanding of students than three years ago: 39
percent reporting a lot more and 40 percent reporting some-
what more. Only 17 percent reported that there has been no
change, and 4 percent reported that the curriculum has be-
come less demanding. Elementary school teachers were more
likely to say the current curriculum is more demanding, and
middle and high school teachers were more likely to say that
there has been no change in the level of the curriculum. Teach-
ers in states with exit exams, those teaching a high percent-
age of minority students, and those teaching where standards
have been put in place more recently (since 1995) were more
likely than other teachers to report that the curriculum has
become more demanding over the three-year period.

Among teachers who reported that the curriculum is more
demanding, nearly two-thirds said that this change is the re-
sult of new statewide academic standards. An additional 20
percent responded that a combination of other factors and the
standards have resulted in the more demanding curriculum,
and 16 percent said that it was due solely to other factors.
Math teachers were more likely than English, science, or so-
cial studies teachers to report new standards as having made
the curriculum more demanding, as were teachers in schools
where more than 10 percent of the students received free lunch.

How Do Teachers View Testing?

Have the new statewide standards led to teaching that fo-
cuses too much on state tests? Two-thirds of teachers said
that this is the case: a third stated that statewide standards
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had led to far too much time focused on testing, and another
third indicated that this was somewhat the case. Most of the
remaining teachers said that the focus is just right. Similarly,
two-thirds of the teachers surveyed agreed more with the state-
ment, “State testing is forcing you to concentrate too much
on information that will be on the test to the detriment of
other important areas” as opposed to “State testing is helping
you as a teacher to focus on teaching what children really
need to know.”

How Much Do Teachers Integrate Standards
and Testing Into Their Teaching?

The 2000 Education Week survey of public school teach-
ers cited above also indicates that teachers feel prepared to
implement state standards in their classrooms, more so than
in the previous year (Belden, Russonello, and Stewart Re-
search and Communications 2000). Almost all of the public
school teachers (94 percent) reported that they have a copy of
the statewide academic standards, and 84 percent said that
they have modified their curriculum to reflect the standards
(36 percent a “great deal” and 48 percent “somewhat™). A
similar proportion said that they have adopted or developed
modules, units, or lesson plans linked to the state standards.

A significant amount of “teaching to the test” appears to
occur, but using these tests as diagnostic tools is also quite
widespread. Nearly 8 out of 10 teachers reported instructing
their classes in the previous year in test-taking skills, such as
pacing themselves and filling in bubbles clearly (45 percent
“a great deal” and 34 percent “somewhat”); 7 out of 10 teach-
ers reported using individual results to help diagnose what
students need (36 percent “a great deal” and 34 percent “some-
what”); and 6 out of 10 teachers reported using results to di-
agnose what they need to be teaching in their classes (32
percent “a great deal” and 42 percent “somewhat”). Nearly
two-thirds of teachers said that they had amended what they
taught in the previous year to fit what is on the state tests (22
percent “a great deal” and 43 percent “somewhat”). (See
sidebar, “High School Teachers Have a Generally Favorable
Opinion of State Graduation Tests.”) (See figure 1-12.)

While the data in this section have shown that the vast
majority of states have adopted content standards in math-
ematics and science and that state-wide testing in these sub-
jects is increasing, a number of studies raise concerns over
the degree to which state tests align with state standards. For
example a recent study from the American Federation of
Teachers found that “no state or the District of Columbia has
a fully developed standards-based system that links quality
standards to tests, curriculum and accountability measures”
(AFT 2001). This study found that:

4 Almost a third of the states’ tests are based on weak stan-
dards;

4 Forty-four percent of those tests are not aligned to the stan-
dards;

4 Fewer than one-third of the tests are supported by adequate
curriculum; and
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Figure 1-12.

Opinion on preparation for and utility of state test
by public high school teachers whose state has
graduation test: 2000
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NOTE: Data are based on responses to the following questions:
Q51. Are students well prepared enough to meet the standards on
the tests, or are they ill prepared?

Qb52. Last year, did you receive your students’ scores on the state
exams before the end of the year?

Q58. Last year, did you receive your individual students’ test results
early enough in the year or too late to be helpful in working with
those individuals?

Q55. Are you given copies of your students’ scored written
responses on the state exams?

SOURCE: Belden, Russonello, and Stewart Research and
Communications, Making the Grade: Teachers’ Attitudes Toward
Academic Standards and State Testing: Findings of National Survey
of Public School Teachers for Education Week

(Washington, DC: 2000).

Science & Engineering Indicators — 2002

4 One-third of the tests used in decisions regarding promo-
tion or graduation are not aligned to the standards.

While other studies come up with different numbers, the
problem of alignment between standards, testing, instruction
and accountability remains a common theme (e.g., Achieve,
Inc. 2001; CCSSO 2001; Finn and M.J. Petrilli 2000). (See
sidebar, “A Survey of Curriculum Use in Classrooms.”) Data
presented in this section show that both teachers and the gen-
eral public support standards and testing, although the latter
more strongly than the former. The next section examines how
the organization of the math and science curriculum in the
United States differs from other countries and reviews cur-
rent measures of the quality of mathematics instruction.

Curriculum and Instruction

Debate continues over the effectiveness of two distinct in-
structional approaches: (1) emphasis on drill and practice
activities in which students work toward skill mastery and (2)
emphasis on reasoning, conceptual understanding, and skill
application. This debate is driven by differences in opinion
regarding the nature of the curriculum as well as different
theories about how people learn. Although whole-group in-
struction and worksheets are still commonly used , the ma-
jority of American teachers report using small-group
instruction as well as using manipulatives or models to dem-
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High School Teachers Have a
Generally Favorable Opinion
of State Graduation Tests

In the 2000 survey of public school teachers con-
ducted for Education Week, a series of questions on test-
ing was asked of public high school teachers who
reported that they have a state graduation test. Gener-
ally, these high school teachers have favorable opinions
of the graduation test.

4 A majority (54 percent) believed that the graduation
test in their state is appropriate. Only 1 in 10 (13
percent) believed it is too difficult, and 15 percent
believed it is too easy. Twenty percent ( 2 in 10) were
unable to offer an opinion of the test.

4 A total of 8 in 10 (79 percent) reported that their
students are well prepared to meet the standards on
the tests. Only 1 in 10 (13 percent) believed that their
students are ill prepared.

These high school teachers differed widely, however,
on whether the tests are helpful as a diagnostic tool.

4 Fifty-eight percent of the teachers reported that test
results are helpful for improving their own teach-
ing. Only 1 in 10 (11 percent) found the test results
very helpful, and 47 percent said they are somewhat
helpful. One-quarter of high school teachers said the
results are not at all helpful.

One reason these high school teachers may not find
the tests more useful is that the teachers are not receiv-
ing the results, or if they are, they are not receiving them
in time to implement changes.

4 Only half (52 percent) of these high school teachers
received their students’ scores on the state exams be-
fore the end of the year.

4 Only 3in 10 (31 percent) said they received the test
results early enough to help individual students.

4 Only 3in 10 (31 percent) were given copies of their
students’ scored written responses on the state tests.

NOTE: Based on a sample of 173 high school teach-
ers who said their state has a graduation test.

SOURCE: Belden, Russonello, and Stewart Research and Commu-
nications 2000.

onstrate a concept (Henke, Chen, and Goldman 1999).° Data
from the TIMSS video study indicate, however, that teacher
implementation of the kinds of instructional techniques for
mathematics advocated in the NCTM standards are often su-

9Manipulatives are materials designed to provide concrete, hands-on ex-
periences that can help students make the link between math concepts and
the real world.
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perficial. National data that link these approaches to differ-
ences in learning outcomes are sparse. This section reviews
the most recent data available on curriculum and instruction.

Data from the TIMSS video study show considerable cross-
national variation in curricular approaches used in mathemat-
ics instruction. For example, American and German middle
school mathematics lessons focus primarily on the acquisi-
tion and application of skills, but Japanese lessons stress prob-
lem solving and thinking. Furthermore, the quality of U.S.
mathematics lesson plans was judged to be substantially be-
low that in Germany and Japan in an evaluation by U.S. col-
lege mathematics teachers. International studies have also
shown that U.S. math and science textbooks cover compara-
tively more topics with less depth of coverage and develop-
ment. Recent studies by the American Association for the
Advancement of Science (AAAS) have found the most widely
used middle school mathematics textbooks and high school
science (e.g., biology) textbooks to be less than satisfactory
(AAAS 1999a,b and 2000a,b).

Both the new mathematics and the new science standards
envision instruction that challenges students, but neither pro-
vides an exact blueprint for action. Measuring the extent to
which this vision is becoming a reality is difficult because avail-
able methods cannot measure quality directly. Instead, educa-
tional researchers have relied most often on indicators of the
amount of time students spend studying a subject (classwork
and homework), the content of lessons, and the types of in-
structional resources used (e.g., textbooks). This section re-
views instructional and curricular topics where recent data
collection and research have been strongest: international com-
parisons of time spent studying mathematics and science, cross-
national comparisons of curricular structure, and evaluations
of the quality of mathematics and science textbooks. Although
these lines of research have yielded valuable information for
education policymakers, much remains to be learned about how
to make mathematics and science instruction more effective.

Instructional Time

The question of whether U.S. students spend enough time
in school or receiving instruction has persisted for many years,
and research results on this issue are mixed. Research by Stigler
and Stevenson (1991) showed that U.S. students spend fewer
hours in school than Japanese students and that U.S. schools
allocate less time to core instruction than do other industrial-
ized nations. For example, core academic time in U.S. schools
was estimated at 1,460 hours during the four years of high school
compared with 3,170 hours in Japan. NECTL reported in 1994
that at the time of the Commission’s study, only 10 states speci-
fied the number of hours to be spent in academic subjects at
various grades. Only eight others provided recommendations
regarding academic time. Based on these and other findings,
the Commission concluded: “[T]ime is the missing element in
the debate about the need for higher academic standards....\We
have been asking the impossible of our students—that they learn
as much as their foreign peers while spending only half as much
time in core academic studies” (NECTL 1994).
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A Survey of Curriculum Use in Classrooms

States’ movement toward standards-based reform in
mathematics and science has produced strong interest in
reliable data for evaluating the effects of reforms. A recent
study by the Wisconsin Center for Education Research
(WCER) and the Council of Chief State School Officers
(CCSSO0) applied research-based models and instruments
for studying the curriculum to the broader purpose of re-
porting indicators of curriculum and instruction that could
be used by policymakers and educators. States were asked
to voluntarily participate in the study if they were inter-
ested in gaining information on effects of their reform ef-
forts and gaining knowledge about the development and
use of a survey approach to analyzing curriculum. In 1999,
schools and teachers in 11 states participated in a study of
the enacted curriculum in mathematics and science class-
rooms. Half the schools selected had high involvement in
their state’s initiative for improving math or science edu-
cation (“Initiative” schools), and the other half were schools
with less involvement but were similar to the first group
based on student demographics (“Comparison” schools).
More than 600 teachers across the states completed self-
report surveys that covered the subject content they taught
and the instructional practices they used in their classes.
The enacted curriculum data were designed to give states,
districts, and schools an objective method of analyzing
current classroom practices in relation to content standards
and the goals of systemic initiatives. This National Sci-
ence Foundation-funded study was a collaborative effort
involving state education leaders in science and mathemat-
ics, researchers from WCER, and project managers from
CCSSO. Educators and researchers worked together to
develop survey instruments that would gather reliable data
from teachers and students and to develop formats for re-
porting survey results that would communicate key find-
ings to educators. The goals of the study were to:

4 measure differences in instructional practices and
curriculum content among teachers and schools,

4 determine whether state policy initiatives and state
standards lead to differences in math and science
teaching, and

4 demonstrate the use of “surveys of enacted curricu-
lum” to analyze classroom practices and to produce
useful analyses and reports for educators.

The findings from the 1999 study listed below typify
the types of issues and questions that can be explored
with the survey data.

Active Learning in Science
Question: To what extent are students involved in
active, hands-on learning approaches in science class?

4 Sample survey data suggest one-fourth of science class
time is spent on hands-on science or laboratory ac-
tivities, but there is wide variation among schools.

4 Survey data allow comparison of active science methods
in schools that are involved in state initiatives and of sci-
ence teaching in typical schools.

Problem Solving in Mathematics

Question: To what extent are students in math class learn-
ing problem-solving and reasoning skills and learning how
to apply knowledge to novel problems?

4 A majority of teachers report teaching problem solving in
math, but teachers use a wide variety of instructional prac-
tices, such as small groups, writing, data analysis, and ap-
plying concepts to real-world problems.

¢ Differences are found in the types and depth of instruction
of problem-solving activities between schools involved in
state initiatives and comparison schools.

Mathematics and Science Content in Classrooms
Question: How does math and science content taught in classes
compare to the goals outlined in state and national standards?

4 In middle-grade math and science, most recommended
standards are covered, but the level of expectation and depth
of coverage vary widely among schools and classes.

¢ Data reveal differences in the extent of teaching science
content across the standards and the extent of articulation
between grades.

4 Schools differ in their emphasis on algebra, geometry, and
data and statistics in the elementary and middle grades.

Multiple Assessment Strategies in Math and Science

Question: What methods of student assessment are used
in class, and are the strategies consistent with goals of learn-
ing in content standards?

4 A majority of teachers use multiple assessment methods
in math and science classes but infrequently use extended
student responses that require student explanation and jus-
tification of answers.

4 In science, the survey data allow analysis of differences in
the use of performance tasks (hands-on activities) for as-
sessment in class.

Use of Education Technology and Equipment

Question: How is education technology, e.g., calculators
and computers, used in math and science instruction? Do
teachers have science equipment available in their classes,
and how often is it used?

4 A majority of elementary- and middle-grade teachers use
calculators in teaching math; graphing calculators are avail-
able in the typical grade 8 classroom but are rarely used.

4 The average elementary school classroom has basic science
equipment, but rate of use varies widely among teachers.

Influences on Curriculum and Practices
Question: What effect do state and national standards for science
and math learning have on the curriculum taught in classrooms?
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4 State frameworks and standards and national standards
are reported by most teachers to have strong positive
influences on their curriculum.

4 Survey data allow comparisons of degree of influ-
ence on curriculum of state and national standards,
textbooks, state and district tests, and teacher prepa-
ration and knowledge.

Alignment of Content Taught With State Assessments
Question: Do state assessments reflect what is being
taught in classes?

4 Analysis of teacher reports and state assessment items
shows that tests cover a narrower range of expecta-
tions for students than are reported for instruction:
tests focus more on memorization, facts, and perform-
ing procedures and less on solving novel problems
and applying skills and concepts.

4 The data on alignment between teacher reports on in-
struction and content and state assessments allow teach-
ers and assessment staff to examine the areas of weak-
ness and strength of tests and classroom practices.

Teacher Preparation
Question: How well prepared are our teachers to teach
science and mathematics?

4 The survey data show how well prepared teachers are
for using innovative teaching strategies and handling
students with varied needs and capacities.

4 Middle-grade teachers in math and science receive
more professional development than elementary
school teachers both in methods of teaching and sub-
ject content. Teachers report very positive reactions
to professional development related to standards, cur-
riculum, and assessment.

SOURCE: CCSSO 2000b.

This may not be the case for mathematics and science, as
1995 and 1999 data for 8th graders from TIMSS and TIMSS-R
suggest. Eighth-grade students in the United States receive at
least as much classroom time in mathematics and science in-
struction as students in other nations: close to 140 hours per year
in mathematics and 140 hours per year in science in 1994-95.
(See figure 1-13.) Students in Germany, Japan, and the United
States spent about the same amount of time on a typical home-
work assignment, but U.S. students were assigned homework
more often, thus increasing total time spent studying in the two
subjects (Beaton et al. 1996b; NCES 1997a,c and 1996c).

Certain caveats are necessary in interpreting results on
instructional time. First, in other nations, particularly Japan,
students participate in extracurricular mathematics and sci-
ence activities in afterschool clubs or in formal tutoring ac-
tivities. Second, disruptions for announcements, special
events, and discipline problems in U.S. classrooms consider-
ably reduce the amount of classroom time actually spent on
instructional activities (Stigler et al. 1999).
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Curriculum and Textbook Content

Analyses conducted in conjunction with TIMSS (Schmidt,
McKnight, and Raizen 1997) documented that curriculum
guides in the United States include more topics than is the
international norm. Most other countries focus on a limited
number of topics, and each topic is generally completed be-
fore a new one is introduced. In contrast, U.S. curriculums

Figure 1-13.

Selected characteristics of grade 8 mathematics
and science instruction, Germany, Japan and
United States: 1994-95
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SOURCE: National Center for Education Statistics, Pursuing
Excellence: A Study of U.S. Eighth Grade Mathematics and Science
Teaching, Learning, Curriculum, and Achievement in International
Context, NCES 97-198 (Washington, DC: U.S. Department of
Education, Office of Educational Research and Improvement: 1996c¢).
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follow a “spiral” approach: topics are introduced in an el-
emental form in the early grades, then elaborated and extended
in subsequent grades. One result of this is that U.S. curricu-
lums are quite repetitive, because the same topic appears and
reappears at several different grades. (See figure 1-14.) An-
other result is that topics are not presented in any great depth,
giving the U.S. curriculum the appearance of being unfocused
and shallow.

The Schmidt, McKnight, and Raizen (1997) study also
suggests that U.S. curriculums, especially math, make fewer
intellectual demands on students, delaying until later grades

Figure 1-14.
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topics that are covered much earlier in other countries. U.S.
mathematics curriculums also were judged to be less advanced,
less challenging, and out of step with curriculums in other
countries. The middle school curriculum in most TIMSS coun-
tries, for example, covers topics in algebra, geometry, phys-
ics, and chemistry. Meanwhile, the grade 8 curriculum in U.S.
schools is closer to what is taught in grade 7 in other coun-
tries and includes a fair amount of arithmetic. Science cur-
riculums, however, are closer to international norms in content
and in the sequence of topics. Textbooks reflect the same in-
adequacies documented by curriculum analyses: insufficient

Selected characteristics of grade 4, 8, and 12 mathematics and science instruction, Germany, Japan, and

United States: 1994-95
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PA concept was coded as “stated” if it was simply provided by the teacher or students but was not explained or derived. A concept was coded as
“developed” when it was derived and/or explained by the teacher or the teacher and students collaboratively in order to increase students’ understanding

of the concept.

NOTE: Data are from the Third International Mathematics and Science Study. Eighth-grade algebra texts are not included.

SOURCE: J.W. Stigler, P. Gonzales, T. Kanaka, S. Knoll, and A. Serrano, The TIMSS Videotape Classroom Study: Methods and Findings From an
Exploratory Research Project on Eighth-Grade Mathematics Instruction in Germany, Japan, and the United States, NCES 1999-074 (Washington, DC:
U.S. Department of Education, National Center for Education Statistics, Office of Educational Research and Improvement: 1999; W.H. Schmidt,

C.C. McKnight, and S.A. Raizen, A Splintered Vision: An Investigation of U.S. Science and Mathematics Education. Boston, MA: Kluwer Academic

Publishers: 1997).
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coverage of many topics and insufficient development of top-
ics. (See figure 1-14.) Compared to textbooks used in other coun-
tries, science and mathematics textbooks in the United States
convey less challenging expectations, are repetitive, and provide
little new information in most grades, a finding reported in ear-
lier research by Flanders (1987) and by Eyelon and Linn (1988).
Publishers have made some attempts to reflect the topics and
demands conveyed by the educational standards; however, the
TIMSS curriculum analyses suggest that when new “standards-
referenced” topics are added, much of the old material is re-
tained (Schmidt, McKnight, and Raizen 1997).

Recent studies by AAAS (1999a,b) have reinforced the
findings of TIMSS and other studies about the inadequacies
of mathematics and science textbooks. AAAS conducted a
conceptual analysis of content based on 24 instructional cri-
teria and applied them to the evaluation of 9 middle-school
science texts and 13 mathematics texts. The samples included
the most widely used texts in both subjects. Each text was
evaluated by two independent teams of middle school teach-
ers, curriculum specialists, and science and mathematics edu-
cation professors. AAAS developed and tested the evaluation
procedure over a three-year period in collaboration with more
than 100 scientists, mathematicians, educators, and curricu-
lum developers. On a 0- to 3-point scale (where 3 represents
“satisfactory™), all nine science textbooks scored below 1.5.
Six mathematics texts scored below 1.5, and only three scored
above 2.5 points (AAAS 1999a,b).

Similar evaluations of high school biology and algebra texts
were only slightly more supportive of their content. In a 2000
evaluation of 10 widely used and newly developed biology
textbooks, none received high ratings (AAAS 2000b). Two
independent teams of biology teachers, science curriculum
specialists, and professors of science education evaluated each
biology text, along with its teacher guide. The evaluation ex-
amined how well the texts are likely to help students learn the
important ideas and skills in the widely accepted Benchmarks
for Science Literacy (developed earlier by AAAS Project
2061) and in the National Science Education Standards (NRC
1996). Directors of this study reported, for example, that the
textbooks ignore or obscure the most important biological
concepts by focusing instead on technical terms and trivial
details (which are easy to test) and that activities and ques-
tions included are inadequate to help students understand
many of the more difficult concepts.

Among the 12 high school algebra textbooks evaluated by
AAAS Project 2061, 7 were considered adequate; however, not
one was rated highly (AAAS 2000a). Five textbooks, includ-
ing three that are widely used in American classrooms, were
rated so inadequate that they lack potential for student learn-
ing. Highlights of the evaluation included the following:

¢ All of the textbooks present algebra using a variety of con-
texts and give students appropriate firsthand experiences
with the concepts and skills.

4 Most of the textbooks do an acceptable job of developing
student ideas about algebra by representing ideas, demon-
strating content, and providing appropriate practice.
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4 No textbook does a satisfactory job of providing assess-
ments to help teachers make instructional decisions based
specifically on what their students have or have not learned.

4 No textbook does a satisfactory job of building on students’
existing ideas about algebra or helping them overcome their
misconceptions or missing prerequisite knowledge.

Instructional Practice

Most information about instructional practice has come from
surveys that asked teachers about specific aspects of their teach-
ing. In a recent survey, 82 percent of full-time U.S. mathemat-
ics teachers and 74 percent of full-time science teachers gave
themselves good grades on using practices consistent with edu-
cational standards in their fields (NCES 1999d). However, class-
room observational studies, which have provided more depth
and dimension to depictions of practice, often paint quite a
different picture. These studies demonstrate that it is relatively
easy for teachers to adopt the surface characteristics of stan-
dards-based teaching but much harder to implement the core
features in everyday classroom practice (Spillane and Zeuli
1999; Stigler et al. 1999; and NCES 2000d).

The TIMSS video study of 8th-grade mathematics instruc-
tion is a case in point. Lessons in U.S., German, and Japanese
classrooms were fully documented, including descriptions of
the teachers’ actions, students’ actions, amount of time spent
on each activity, content presented, and intellectual level of
the tasks that students were given in the lesson (Stigler et al.
1999). These findings identified four key points:

4 The content of U.S. mathematics classes requires less high-
level thought than classes in Germany and Japan.

4 The typical goal of U.S. mathematics teachers is to teach
students how to do something, but the typical goal of Japa-
nese teachers is to help them understand mathematical
concepts.

4 Japanese classes share many features called for by U.S.
mathematics reforms, but U.S. classes are less likely to
exhibit these features.

4 Although most U.S. mathematics teachers report familiar-
ity with reform recommendations, relatively few apply the
key points in their classrooms.

Ratings by mathematicians of the quality of instruction in
8th-grade German, Japanese, and U.S. mathematics class-
rooms in 1994-95 suggest a lower level of quality in U.S.
instruction. Approximately 30 percent of lessons in Japanese
classrooms were rated as “high quality” and 13 percent were
rated as “low quality.” In German classrooms, 23 percent of
lessons received high ratings and 40 percent received low rat-
ings. In comparison, approximately 87 percent of U.S. les-
sons were considered “low quality” and none were considered
“high quality.” (See figure 1-14.) However, because of the
small scale of the study, these results are suggestive rather
than definitive. The studies are now being replicated on a larger
scale in both mathematics and science.
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Teacher Quality and Changes
in Initial Teacher Training

Research suggests that school quality is tightly linked to
teacher quality (NCES 2000d). According to Hanushek
(1992), “The estimated difference in annual achievement
growth between having a good and having a bad teacher can
be more than one grade-level equivalent in test performance.”
Rivkin, Hanushek, and Kain (1998) recently concluded in one
study that teacher quality is the most important determinant
of school quality. Current research, however, has yet to de-
finitively determine the specific, observable factors that dis-
tinguish a good teacher from a bad one. Research does suggest
that the following factors are associated with teacher quality:
having academic skills, teaching in the field in which the
teacher received training, having more than a few years of
experience (to be most effective), and participating in high-
quality induction and professional development programs
(NCES 2000d). Data relating to these issues were collected
by the NCES during academic year 1999/2000 through the
Schools and Staffing Survey (SASS). Data from sources other
than the SASS have been included, to the extent possible.

Nationally representative data on teacher quality, pro-
fessional development, and working conditions have
been collected by the National Center for Education
Statistics” (NCES) 1999-2000 Schools and Staffing
Survey. They were not available in time for the prepa-
ration of this chapter. Following release of the dataset
by NCES, analyses of these topics will be available at
the following National Science Foundation website:
<http://www.nsf.gov/sbe/srs/seind02/update.htm>.

Measuring Academic Skills of Teachers

Research shows that students tend to learn more from teach-
ers with strong academic skills than they do from teachers with
weak academic skills (Ballou 1996; Ferguson and Ladd 1996;
Ehrenberg and Brewer 1995, 1994; Ferguson 1991; Mosteller
and Moynihan 1972). Some researchers argue that teacher qual-
ity has less to do with how teachers perform on standardized
tests than with how they perform in the classroom (Darling-
Hammond 1998). Although traits not measured on standard-
ized tests (such as interpersonal skills, public speaking skills,
and enthusiasm for working with children) influence whether
someone will be an effective teacher, these traits tend to be
hard to quantify, and most studies examining the link between
teacher skills and student learning limit their definitions of
teacher skills to academic skills (NCES 2000d).

Several studies show that over the past three decades, teach-
ers with low academic skills have been entering the profes-
sion in much higher numbers than teachers with high academic
skills (Henke, Chen, and Geis 2000; Gitomer, Latham, and
Ziomek 1999; Ballou 1996; Henke, Geis, and Giambattista
1996; Murnane et al. 1991; Vance and Schlechty 1982). How-
ever, arecent study by the Educational Testing Service (ETS)
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suggests that the pattern for potential mathematics and sci-
ence teachers may be different. ETS found that the teaching
profession tends to attract teachers with below-average skills,
based on the Scholastic Aptitude Test (SAT) scores of pro-
spective teachers taking the Praxis 11 between 1994 and 1997
(Gitomer, Latham, and Ziomek 1999).1° Based on a com-
parison of SAT scores for teacher candidates passing the Praxis
I exam with the average score for all college graduates, ETS
concluded that elementary education candidates, the largest
single group of prospective teachers, have much lower math
and verbal scores than other college graduates. The patternin
other content areas for teacher candidates was less consis-
tent, however. The average math SAT score for those passing
the Praxis Il exam and seeking licensure in physical educa-
tion, special education, art and music, social studies, English,
or foreign language was lower than the average math score
for all college graduates. Those seeking to teach science and
math, however, had higher average math scores than other
college graduates. The average verbal SAT scores of those
seeking to teach some subjects were more encouraging. The
scores of mathematics, social studies, foreign language, sci-
ence, and English candidates who passed the Praxis Il exam
were as high as or higher than the average verbal SAT score
for all college graduates. Physical education, special educa-
tion, and art and music teachers scored below the average.

A major disadvantage of the ETS study, however, is that it
examines only candidates, not those who actually take teach-
ing jobs. Ballou (1996) demonstrated that there are large drop-
offs in the pipeline. For example, although 20 percent of
students from average colleges became certified to teach, 17
percent applied for teaching jobs and 8 percent actually be-
came employed as teachers. Given such large drop-offs, one
should not assume that individuals taking the Praxis Il ex-
amination have the same characteristics as those who actu-
ally become teachers (NCES 2000d).

Several recent studies using data from the 1993 NCES
Baccalaureate and Beyond Longitudinal Study provide more
comprehensive pictures of the teacher pipeline, that is, from
preparation at the baccalaureate level to employment (Henke,
Chen, and Geis 2000; Henke, Geis, and Giambattista 1996).
These studies found that the college entrance examination
scores of 1992/93 college graduates in the teaching pipeline
(defined by NCES as students who had prepared to teach,
who were teaching, or who were considering teaching) were
lower than those students who were not in the pipeline. “At
each step toward a long-term career in teaching, those who
were more inclined to teach scored less well than those less
inclined to teach” (Henke, Geis, and Giambattista 1996). For
example, by 1997, the 1992/93 college graduates in this study
with the highest college entrance examination scores were
consistently less likely than their peers with lower scores to
prepare to teach, and when they did teach, they were less likely
to teach students from disadvantaged backgrounds:

The Praxis I assessments are designed to measure teacher candidates’
knowledge of the subjects they will teach and how much they know about
teaching that subject.
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4 Graduates whose college entrance examination scores were
in the top quartile were half as likely as those in the bot-
tom quartile to prepare to teach (9 versus 18 percent).

4 Teachers in the top quartile of college entrance examina-
tion scores were more than twice as likely as teachers in
the bottom quartile to teach in private schools (26 versus
10 percent).

4 Teachers in the top quartile of scores were about one-third
as likely as teachers in the bottom quartile to teach in high-
poverty schools (10 versus 31 percent).

4 Graduates in the top quartile of scores who did teach were
twice as likely as those in the bottom quartile to leave the
profession within four years (32 versus 16 percent) (Henke,
Chen, and Geis 2000).

Match Between Teacher Background
and Courses Taught

Research shows that assigning teachers to teach courses that
they are not trained to teach has a negative effect on student
achievement (Darling-Hammond 2000; Goldhaber and Brewer
1997; Monk and King 1994). In the early 1990s, however, it
was quite common for students to be taught mathematics and
science by teachers without a major or minor in those subjects,
especially in schools with large concentrations of poor and mi-
nority students or those in rural areas (Ingersoll 1999). This
section examines the “mismatch” between those teaching math-
ematics and science and their educational backgrounds in those
fields using data from a recently released national survey of
teachers, the NCES SASS. Because it is common for an indi-
vidual teacher to teach courses in multiple fields simultaneously,
examining the match between a teacher’s main assignment field
and his or her educational background can overestimate or, as
is more likely, underestimate the amount of out-of-field teach-
ing that is occurring. For this reason, the indicators presented
below are calculated at the student level, that is, the percentage
of students taught mathematics or science by a teacher without
a major or minor in the related field. Unlike previously re-
ported measures, these indicators attempt to measure the de-
gree to which someone is teaching out of field, including
whether he or she (1) has a major in the field at either the un-
dergraduate or graduate level, (2) has a minor in the field, (3)
has a major or minor in a related field of science, (4) has an
education degree with a specialization in the field taught, or
(5) has no previous education in the field as laid out in the four
previous categories (referred to as “severely” out of field).

Nationally representative data on teacher quality, pro-
fessional development, and working conditions have
been collected by the National Center for Education
Statistics” (NCES) 1999-2000 Schools and Staffing
Survey. They were not available in time for the prepa-
ration of this chapter. Following release of the dataset
by NCES, analyses of these topics will be available at
the following National Science Foundation website:
<http://www.nsf.gov/sbe/srs/seind02/update.htm>.
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Teacher Experience

Research suggests that students learn more from experienced
teachers (those with at least five years of experience) than they
do from less experienced teachers (NCES 2000d; Rivkin,
Hanushek, and Kain 1998; Murnane and Phillips 1981). These
studies point primarily to the difference between teachers with
fewer than five years of experience (new teachers) and teach-
ers with five or more years of experience. The benefits of ex-
perience, however, appear to level off after 5 years, and studies
suggest that there are no noticeable differences, for example,
in the effectiveness of a teacher with 5 years of experience ver-
sus a teacher with 10 years of experience (Darling-Hammond
2000). This section examines the proportion of students in
middle and high schools who are taught by new teachers, de-
fined here as teachers in their first three years of teaching.

Nationally representative data on teacher quality, pro-
fessional development, and working conditions have
been collected by the National Center for Education
Statistics” (NCES) 1999-2000 Schools and Staffing
Survey. They were not available in time for the prepa-
ration of this chapter. Following release of the dataset
by NCES, analyses of these topics will be available at
the following National Science Foundation website:
<http://www.nsf.gov/sbe/srs/seind02/update.htm>.

Induction of Recently Hired Teachers

Teacher recruitment and retention will become increasingly
important as the baby boom generation reaches retirement age
and its echo in terms of increased student enrollment makes its
way through schools. In the 1980s and 1990s, large numbers of
teachers left the profession after teaching just a few years. For
example, between the 1993/94 and 1994/95 academic years, the
most recent years for which national attrition data exist, 17 per-
cent of teachers with three or fewer years of experience left the
profession (NCES 2000d). Nine percent left after teaching for
less than one year. A disproportionately high share left high-
poverty schools. In efforts to retain good teachers, schools are
increasingly using mentorships with master teachers and formal
“induction” programs. This section examines the characteristics
of the initial training of mathematics and science teachers who
entered the profession between 1994/95 and 1999/2000 and ex-
amines the degree to which these new teachers reported receiv-
ing different types of support in their first year of teaching.

Nationally representative data on teacher quality, pro-
fessional development, and working conditions have
been collected by the National Center for Education
Statistics” (NCES) 1999-2000 Schools and Staffing
Survey. They were not available in time for the prepa-
ration of this chapter. Following release of the dataset
by NCES, analyses of these topics will be available at
the following National Science Foundation website:
<http://www.nsf.gov/sbe/srs/seind02/update.htm>.
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Teacher Professional Development

Many experts assert that high-quality professional develop-
ment should enhance student learning, but data for undertak-
ing the requisite analysis are sparse. Almost all teachers
participate in some form of professional development over the
course of a year, most for the equivalent of a day or less. Teach-
ers who spend more time in professional development activi-
ties are more likely to self-report improvements in classroom
teaching as the result of these activities than are those who
spend less time. Although several reports have asserted that
teachers will perform better if they are given opportunities to
sharpen their skills and keep abreast of advances in their fields
(Henke, Chen, and Geis 2000; National Commission on Teach-
ing and America’s Future 1996), there has been no comprehen-
sive assessment of the availability of such learning opportunities
and the effects of those opportunities on teachers and students
(Mullens et al. 1996; Smylie 1996). This section reviews par-
ticipation in three types of professional development activities
by mathematics and science teachers in 1999/2000:

4 activities focused on indepth study of their content areas,
4 activities focused on methods of teaching, and
4 activities focused on the use of computers for teaching.

The amount of time teachers spent in these activities and
whether they found them useful are also reviewed.

Nationally representative data on teacher quality, pro-
fessional development, and working conditions have
been collected by the National Center for Education
Statistics” (NCES) 1999-2000 Schools and Staffing
Survey. They were not available in time for the prepa-
ration of this chapter. Following release of the dataset
by NCES, analyses of these topics will be available at
the following National Science Foundation website:
<http://www.nsf.gov/sbe/srs/seind02/update.htm>.

Observation of Other Teachers Teaching

Some research suggests that the experience of teachers
observing other teachers can contribute to the sharing of good
practices. TIMSS-R asked the mathematics and science teach-
ers of U.S. 8th-grade students during the 1998/99 academic
year about the number of class periods they observed other
teachers during the past year and the number of periods other
teachers observed them during the past year (NCES 2000f).1!
In general, the mathematics teachers of U.S. 8th-grade stu-
dents rarely participated in observational activities. On aver-
age, U.S. 8th-grade students were taught by mathematics
teachers who spent one class period during the 1998/99 aca-
demic year observing other teachers and who were observed
by other teachers during two class periods. There were no

HQuestions regarding the professional development of teachers, including
whether or not they had observed other teachers teaching in the previous year,
were only asked of U.S. mathematics and science teachers in TIMSS-R.
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differences in the average number of class periods that math-
ematics teachers observed other teachers or were observed
by other teachers based on years of teaching experience.
The science teachers of U.S. 8th-grade students also rarely
participated in observational activities. On average, U.S. 8th
graders were taught by science teachers who observed other
teachers for one class period during the 1998/99 academic year
and who were observed by other teachers for one class period.
However, the situation was different for U.S. 8th-grade students
whose science teachers had the fewest years of experience (0-
5 years): their teachers spent approximately three periods ob-
serving other teachers, a greater number of periods than science
teachers with more years of experience (NCES 2000f).

Teacher Working Conditions

Salaries for math and science teachers remain well below
those of bachelor’s and master’s degree scientists and engi-
neers in industry. Given that teacher retirements are on the
rise, increased salaries provide a means of retaining good
teachers and attracting the number of quality teachers needed
to replace retirees. The difference between the annual me-
dian salaries of all bachelor’s degree recipients and teachers
has declined over the past 20 years, mainly due to increases
in the relative size of the older teaching workforce and in
salaries of older teachers. This section reviews how average
teacher salaries have changed over the past quarter century,
how the earnings of math and science teachers vary in high-
and low-poverty schools, and, finally, how the salaries and
teaching time of U.S. teachers compare with those of their
counterparts in other countries.

Salary and teaching time are only two components of
teacher working conditions. The amount of professional de-
velopment time supported by a school or district, student be-
havior, participation in school decisionmaking, class size,
quality of facilities, and adequacy of resources are examples
of conditions that could also influence a teacher’s desire to
teach or not teach at a particular school. Many of these con-
ditions, however, are either difficult to measure or do not have
a parallel in S&E occupations outside teaching.

Trends in Teacher Salaries

As a wave of younger teachers hired in the mid-1970s has
aged, a demographic shift in the age of teachers has occurred
(NCES 1999a). For example, in 1975, 53 percent of all full-
time teachers were younger than age 35; in 1993, the per-
centage of younger teachers fell to about 23 percent. By 1998,
the percentage of younger teachers had risen only slightly,
reaching 27 percent. Meanwhile, the percentage of full-time
teachers age 45 years or older increased from about 26 per-
cent in 1975 to 48 percent in 1998. (See figure 1-15.) Aver-
age teacher salaries have been affected by these demographic
shifts, particularly over the past 20 years.

The annual median salaries (in constant 1998 dollars) of
full-time teachers decreased between 1971 and 1981 by about



1-38 ¢

Figure 1-15.

Age distribution and annual median salaries by age
of full-time elementary and secondary school
teachers: 1971-98
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SOURCE: National Center for Education Statistics, The Condition of
Education 1999, NCES 1999-022 (Washington, DC: U.S. Department
of Education, Office of Educational Research and Improvement: 1999a).
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$500 to $700 annually in each age group. Between 1981 and
1989, the salaries of teachers rose. The annual median salary
of full-time teachers grew slowly during the 1990s, reaching
$35,099 in 1998 (NCES 1999a). For the oldest group of teach-
ers, salaries rose by about $1,100 per year on average, while
for the middle-aged and youngest groups, salaries increased
by smaller amounts. Since 1989, the salaries of the oldest
and youngest groups of teachers have remained about the
same, while the salaries of the middle-aged group (between
ages 35 and 44) have declined by about $400 per year on
average. (See figure 1-15.)

The difference between the annual median salaries of
bachelor’s degree recipients and all full-time teachers declined
from about $5,000 in 1981 to $2,300 in 1998. This decline in
the salary gap has been due mainly to increases in the relative
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size of the older teaching workforce and in the salaries of
teachers age 45 or older (NCES 1999a).

Variation in the Salaries of Math and Science
Teachers

Many believe that competitive salaries and benefits are
key to attracting and retaining high-quality teachers (Murnane
etal. 1991). Research has shown that levels of compensation
and criteria for awarding salary increases affect who goes into
teaching, who stays, and how teachers move from district to
district and from school to school (Odden and Kelley 1997).
When asked whether various factors were important to them
in determining the type of work they planned to do in the
future, 1992/93 bachelor’s degree recipients responded affir-
matively to “income potential over career” and “intellectu-
ally challenging work™ (45 percent in each case) more often
than to any of the other factors mentioned (Henke et al. 1997).
This section examines variability in the compensation levels
of mathematics and science teachers in 1999/2000 across high-
and low-poverty districts by school location.

Nationally representative data on teacher quality, pro-
fessional development, and working conditions have
been collected by the National Center for Education
Statistics” (NCES) 1999-2000 Schools and Staffing
Survey. They were not available in time for the prepa-
ration of this chapter. Following release of the dataset
by NCES, analyses of these topics will be available at
the following National Science Foundation website:
<http://www.nsf.gov/sbe/srs/seind02/update.htm>.

International Comparisons of Teacher
Salaries

Internationally, teacher pay scales in the United States tend
to be lower than those in a number of other countries, includ-
ing Germany, Japan, South Korea, and the Netherlands, and
teaching hours tend to be longer. The gaps are particularly
wide at the upper secondary (high school) level because a
number of countries, unlike the United States, require higher
educational qualifications and pay teachers significantly more
at this level than at the primary (elementary) level. For ex-
ample, salaries for upper secondary teachers with 15 years of
experience and the minimum level of education and training
required to be certified exceeded $40,000 in 1998 in Den-
mark, Germany, Japan, and the Netherlands and exceeded
$60,000 in Switzerland (Organisation for Economic Co-op-
eration and Development (OECD) 2000). The comparable
salary for the United States was $35,000. This section reviews
cross-country variation in teacher salary, adjusting first for
differences in country wealth or ability to spend on educa-
tion, and second for differences in the amount of time that
teachers are required to spend in instructional activities to
earn their salaries.
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Association Between Teacher Salaries
and Per Capita Gross Domestic Product

Teacher salaries relative to per capita gross domestic prod-
uct (GDP) are an indication of the extent to which a country
invests in teaching resources relative to the financial ability
to fund educational expenditures. A high salary relative to
per capita GDP suggests that a country is making more of an
effort to invest its financial resources in teachers. Relative to
per capita GDP, teacher salaries are relatively low in the Czech
Republic, Hungary, and Norway and relatively high in South
Korea, Spain, and Switzerland.

Wealthier countries do not necessarily spend a greater share
of their wealth on educational resources, however. (See fig-
ure 1-16.) Although the Czech Republic and Hungary have
both relatively low GDP per capita and low teacher salaries,
other countries with GDP per capita below the OECD aver-
age, including South Korea and Spain, have comparatively
high teacher salaries. Norway and the United States, two coun-
tries with relatively high GDP per capita, spend a below-av-
erage share of their wealth on teacher salaries, and Switzerland
spends an above-average share of its relatively high per capita
GDP on teacher salaries.

Salaries Adjusted for Statutory Teaching Time

Another measure of the investment in teaching is the statu-
tory teacher salary relative to the number of hours per year
that a full-time classroom teacher is required to teach stu-
dents. This measure reflects the fact that teaching time is or-
ganized differently across countries, influenced by both the
number of instructional hours planned for students each year
and the proportion of the working day that a full-time teacher
is expected to be engaged in direct instruction. Although this
measure does not adjust salaries for the amount of time that
teachers spend in all teaching-related activities, it can none-
theless provide a rough estimate of the cost of an hour of
instruction across countries.

The average statutory salary per teaching hour after 15
years of experience is $35 in primary education, $43 in lower
secondary education, and $52 in upper secondary (general)
education across OECD countries (OECD 2000). For primary
education, the Czech Republic, Hungary, and Mexico have
relatively low salary costs per hour of instruction ($13, $15,
and $16, respectively); by contrast, costs are relatively high
in Denmark ($48), Germany ($49), South Korea ($62), and
Switzerland ($48). Salary costs per primary teaching hour in
the United States are in the middle of this range at $35. In
South Korea, high costs per teaching hour at the primary level
are balanced by a relatively high student/teacher ratio (31.2)
and a low proportion of current expenditure on nonteaching
staff, resulting in below-average expenditure per student
(OECD 2000). In contrast, Denmark’s high costs per teach-
ing hour at the primary level combine with a relatively low
student/teacher ratio (11.2) and an above-average expendi-
ture on nonteaching staff to create one of the highest expen-
diture-per-student figures in the OECD. There is more
variability in salary cost per hour of teaching in upper sec-
ondary schools, ranging (among OECD countries) from $16
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or below in the Czech Republic and Hungary to $90 or above
in Denmark and South Korea. Comparable costs for the United
States were $38.

IT in Schools

Although myriad approaches have been proposed for im-
proving K-12 education in the United States, one common
element of many such plans is more extensive and more ef-
fective utilization of computer, networking, and other infor-
mation technologies (IT) to support a broad program of
systemic and curricular reform (President’s Committee of Ad-
visors on Science and Technology 1997). IT has fundamen-
tally transformed America’s offices, factories, and retail
establishments. Although the transformation in schools has
been quite modest by comparison, technology and comput-
ers are rapidly appearing in schools and classrooms, and their
integration into the curriculum is redefining the perception
of a quality school (NCES 2000d).

Computers and Internet access are used in a variety of ways
in schools, and each use may have an independent effect on
student learning. Relatively little research on the effect of tech-
nology on learning looks at the uses and effects of Internet
access; most research examines the instructional power of the
computer to teach discrete skills (NCES 2000d). Numerous
studies conducted in the elementary and secondary grades
have concluded that student learning is enhanced by comput-
ers when the computer is used to teach discrete skills in the
style referred to as “drill and practice.” The benefits appeared
to be strongest for students of lower SES, low achievers, and
those with certain learning problems (President’s Committee
of Advisors on Science and Technology 1997).

Research on the application of computers for developing
higher order thinking skills, problem-solving, group work,
and hands-on learning activities, however, is less extensive
and less conclusive (NCES 2000d). Two studies show posi-
tive effects (Wenglinsky 1998; Glennan and Melmed 1996),
but a third study concludes that it is not known whether com-
puters can be used for this type of teaching in a cost-effective
manner with any “degree of certainty that would be desirable
from a public policy viewpoint” (President’s Committee of
Advisors on Science and Technology 1997). Although it is
possible that these studies are less conclusive because teach-
ers are less adept at teaching using these new tools, it is clear
that IT is becoming increasingly important in the classroom
and that there is widespread interest in how these tools are
being applied.

This section first examines student and teacher access to
IT at school. Variability in access across high- and low-pov-
erty schools is emphasized. Next, teacher use of IT in the
classroom and at home, teacher preparation and training in
IT, and barriers to IT use are examined. Because computers
are not the only technology used in schools, the section con-
cludes with a discussion of calculator usage in mathematics
classes and how this varies cross nationally.
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Figure 1-16.
Annual statutory teacher salaries after 15 years of experience relative to per capita GDP: 1998
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Access to IT

Computers and Internet access are becoming increasingly
available in schools, although the distribution of these re-
sources is not uniform. In 2000, the ratio of students to in-
structional computers in public schools was 5:1, down from
6:1in 1999 and a dramatic change from 125:1 in 1983 (NCES
2000d, 2001d). The pace of change is rapid, however, and any
measure of access quickly becomes out of date. For example,
the ratio of students per instructional computer with Internet
access in public schools declined from 12:1in 1998 to 9:1 in
1999 and then to 7:1 in 2000 (NCES 2001d). Given this rapid
degree of change, any data presented in this section run the
risk of being a history lesson in disparities in IT access rather
than a reporting of current conditions. That said, identifiable
disparities can serve as benchmarks for increasing access to
technology for all students.

The overall average student-to-computer ratio reported
above hides two facts: the distribution of computers per stu-
dent is skewed (see figure 1-17), and many computers in-
cluded in that count may be old and have limited usefulness
(NCES 2000d). In 1994, for example, 4 percent of the nation’s

Figure 1-17.

Ratio of students per instructional computer with
Internet access, by school characteristics:
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schools had one computer per 4 students, while 46 percent of
the schools had one computer per 16.5 students and 10 per-
cent of the schools had one computer per 28.5 students (NCES
2000d). A 1998 study of elementary and secondary schools
found that “over half of the computers are out of date.... And
in elementary schools almost two-thirds are of limited capac-
ity” (Anderson and Ronnkvist 1999). Older computers often
do not have the capacity to link to the Internet or to run cur-
rent multimedia applications, such as CD-ROM reference and
encyclopedia programs (NCES 2000d). Older computers can,
however, be used to perform drill and practice sessions and to
develop keyboard skills. The ratio of students to instructional
computers with Internet access may serve as a reasonable
proxy for access to more recent technology.

Although the vast majority of teachers have access to com-
puters somewhere in their schools, they appear more likely to
use them in instruction if the computers are located in their
classrooms. Nearly all public school teachers (99 percent)
reported having computers available somewhere in their
schools in 1999 (NCES 2000g); 84 percent had computers
available in their classrooms and 95 percent had computers
available elsewhere in the school. Thirty-six percent of teach-
ers had one computer in their classrooms, 38 percent reported
having two to five computers in their classrooms, and 10 per-
cent reported having more than five computers in their class-
rooms. Teachers were generally more likely to use computers
and the Internet if the computers were located in their class-
rooms than if they were located elsewhere in the school. Fur-
thermore, teachers and students with more computers or more
computers connected to the Internet in their classrooms re-
ported using these technologies more often than teachers with
fewer computers or fewer Internet connections.

The Internet can open schools to a variety of external re-
sources, and schools have been using it increasingly. Internet
access existed at 35 percent of public schools in 1994, but
this statistic soared to 98 percent by 2000 (NCES 2001d).
(See figure 1-18.) In 1999, however, access to the Internet
existed at only one location in 37 percent of schools, thus
making regular instructional use difficult (NCES 2000d). Data
on this measure are unavailable for 2000.

Although many schools have computers and Internet ac-
cess, the distribution of these resources among schools with
high and low concentrations of poverty is not uniform. A study
based on data from the mid-1990s (Anderson and Ronnkvist
1999) found that schools with high concentrations of poor or
minority students have fewer computers and are less likely to
have Internet access. Although nationally representative data
suggest that this gap is narrowing, the data also show that “large
gaps...in the quality of the computer equipment available” still
exist (Anderson and Ronnkvist 1999, 16). More recent data
provide additional evidence for this trend. For high-poverty
schools (those with 75 percent or more students eligible for
free or reduced-price lunch), 60 percent of all instructional
rooms had Internet access in 2000, up from 5 percent in 1996.
Schools with less poverty tended to have a larger percentage of
rooms with Internet access—77 percent or higher in 2000, up
from 11-17 percent in 1996 (NCES 2001d).
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Figure 1-18.
Percentage of public schools and instructional
rooms with Internet access: 1994-2000
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Teacher Use of Technology

Even though computers are common in U.S. schools, many
teachers feel unprepared to integrate technology into the sub-
jects they teach. This section reviews data from a 1999 NCES
survey on teacher use of computers and the Internet, describes
teacher use of education technology in classrooms and schools,
and then discusses teacher use of IT at home.

In 1999, approximately half of the public school teachers
who had computers or the Internet available in their schools
used them for classroom instruction. (See figure 1-19.) Teach-
ers assigned students to use these technologies for word pro-
cessing or creating spreadsheets most frequently (61 percent
), followed by Internet research (51 percent), problem solv-
ing and data analysis (50 percent), and drills (50 percent).
Additionally, many teachers used computers or the Internet
to conduct a number of preparatory and administrative tasks
(e.g., creating instructional materials, gathering information
for planning lessons) and communicative tasks (e.g., com-
munication with colleagues) (NCES 2000g).

Among those with technology available in their schools,
teachers in low-minority and low-poverty schools were gen-
erally more likely than teachers in high-minority and high-
poverty schools to use computers or the Internet for a wide
range of activities, including gathering information at school,
creating instructional materials at school, communicating with
colleagues at school, and instructing students. For example,
57 percent of teachers in schools with less than 6 percent
minority enrollments used computers or the Internet for re-
search compared with 41 percent of teachers in schools with
50 percent or more minority enrollments.
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Figure 1-19.

Extent to which public school teachers assign
different types of work using computers or
Internet: 1999
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Although the vast majority of teachers have computers at
home, there is a strong generational difference associated with
how teachers make use of these computers and the Internet.
Eighty-two percent of public school teachers reported having
a computer available at home, 63 percent of public school
teachers had Internet access at home, and 27 percent reported
that their schools had a network they could use to access the
Internet from home (NCES 2000g). Among teachers with
computers available at home, teachers with the fewest years
of experience were more likely than teachers with the most
years of experience to use computers or the Internet at home
to gather information for planning lessons (76 percent com-
pared with 63 percent) and creating instructional materials
(91 percent compared with 82 percent). Less experienced
teachers were also generally more likely than more experi-
enced teachers to use these technologies to access model les-
son plans at school and at home.

Teacher Preparation and Training in IT

Teacher preparation and training to use information tech-
nology is a key factor to consider when examining teacher
use of computers and the Internet for instructional purposes.
In 1999, approximately one-third of teachers reported feel-
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ing well prepared or very well prepared to use computers and
the Internet for classroom instruction, with less experienced
teachers indicating they felt better prepared to use technol-
ogy than their more experienced colleagues. For many in-
structional activities, teachers who reported feeling better
prepared to use technology were generally more likely to use
it than were teachers who indicated that they felt unprepared
(NCES 2000g).

Teachers cited independent learning most frequently as the
method they used to prepare for technology use (93 percent),
followed by professional development activities (88 percent)
and assistance from their colleagues (87 percent). Although
half of all teachers reported that college and graduate work
prepared them to use technology, less experienced teachers
were generally much more likely than their more experienced
colleagues to indicate that this education prepared them to
use computers and the Internet.

Most teachers indicated that professional development
activities on a number of topics were available to them, in-
cluding training on software applications, use of the Internet,
and use of computers and basic computer training (ranging
from 96 percent to 87 percent). Among teachers reporting
that these activities were available, participation was relatively
high (ranging from 83 to 75 percent) and more experienced
teachers were generally more likely to participate than less
experienced teachers. Teachers indicated that followup and
advanced training and use of other advanced telecommuni-
cations were available less frequently (67 and 54 percent, re-
spectively), and approximately half of the teachers reporting
that these two activities were available to them participated
in those activities.

Over a three-year period, most teachers (77 percent) par-
ticipated in professional development activities in the use of
computers or the Internet that lasted the equivalent of four days
or fewer (i.e., 32 or fewer hours). Teachers who spent more
time in professional development activities were generally more
likely than teachers who spent less time in such activities to
indicate they felt well prepared or very well prepared to use
computers and the Internet for instruction (NCES 2000g).

Perceived Barriers to Teacher Use
of Technology

Certain characteristics of classrooms and schools, such as
equipment, time, technical assistance, and leadership, may
act as either barriers to or facilitators of technology use (NCES
20009). In 1999, barriers to the use of computers and the
Internet for instruction most frequently reported by public
school teachers were not having enough computers (78 per-
cent), lack of release time for teachers to learn how to use
computers or the Internet (82 percent), and lack of time in the
schedule for students to use computers in class (80 percent)
(NCES 2000g).*?

12 Includes teachers reporting these as “small, moderate, or great barriers”
NCES 2000g, figure 6-1.
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Teacher perceptions of barriers to technology use varied
by a number of teacher and school characteristics. For ex-
ample, secondary teachers, teachers in large schools, and
teachers in central-city schools were more likely than elemen-
tary teachers, teachers in small schools, and teachers in rural
schools, respectively, to report that not having enough com-
puters was a great barrier. (See text table 1-6.) Additionally,
teachers in schools with more than 50 percent minority en-
roliments were more likely to cite outdated, incompatible, or
unreliable computers as a great barrier than were teachers in
schools with less than 6 percent minority enrollments (32
percent compared with 22 percent).

Generally, teachers who perceived lacking computers and time
for students to use computers as great barriers were less likely
than those who did not perceive these conditions as barriers to
assign students to use computers or the Internet for some in-
structional activities. For example, teachers who reported insuf-
ficient numbers of computers as a great barrier were less likely
than teachers reporting that this was not a barrier to assign stu-
dents to use computers or the Internet to a “large extent” for
practicing drills (9 percent compared with 19 percent), word pro-
cessing or creating spreadsheets (14 percent compared with 25
percent), and solving problems and analyzing data (6 percent
compared with 13 percent) (NCES 2000g).

Text table 1-6.

Percentage of public school teachers reporting
great barriers to use of computers and the
Internet for instruction, by type of barrier and
school characteristics: 1999

Outdated,
Not incompatible, Internet

School enough  orunreliable  not easily
characteristics computers computers  accessible
All public schools ... 38 25 27

Elementary ........... 36 27 28

Secondary............ 43 21 23
Enrollment

Less than 300 ...... 25 24 21

300-999 ............... 38 26 27

1,000 or more........ 46 24 27
Locale

City coveeeeieceeiee, 43 29 28

Urban fringe ......... 39 25 27

TOWN .o 38 22 23

Rural.......cccccevenene 31 23 26
Minority enroliment

Lessthan 6 .......... 35 22 24

620 ..ocveirrine 35 22 20

21-49 e 38 26 27

50 or more............ 45 32 36

NOTE: Teachers who reported that computers were not available to
them in school were excluded from analyses.

SOURCE: National Center for Education Statistics, Teachers’ Tools
for the 21st Century: A Report on Teachers’ Use of Technology,
NCES 2000-102 (Washington, DC: U.S. Department of Education,
Office of Educational Research and Improvement, 2000g).
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Calculator Use in the United States
and Other Countries

Handheld calculators are owned by almost every student
in the United States and are fully integrated into the teaching
of mathematics in many U.S. schools. Since 1985, many cal-
culator models have featured built-in graphing software for
enhancing teaching and learning by allowing mathematics
students to visualize mathematical functions.

The NCTM Curriculum and Evaluation Standards (NCTM
1989) urge the use of calculators to reduce the time spent on
paper and pencil methods of calculating so that students can
have more time to work on problems that foster development
of underlying concepts. NCTM suggests that by using this
approach, students develop a stronger basis for understand-
ing how to approach complex problems. Meanwhile, educa-
tors who do not share this view have expressed concern that
young children in classrooms where calculators are heavily
used may not develop proficiency with basic arithmetic op-
erations. See sidebar, “Calculators and Achievement.”

Both the NAEP and TIMSS surveys included questions
for teachers and students on their level of calculator use in
schools. The TIMSS surveys show that 99 percent of 8th-
grade students and 95 percent of 4th-grade students in the
United States owned calculators in 1995. The range was from
76 percent in Norway to 95 percent in the United States and
the Czech Republic. In the United States, many schools pro-
vide calculators for use by students who do not own them.
School-owned calculators used in 4th-grade U.S. classrooms
increased from 59 percent to 84 percent between 1992 and
1996 (Hawkins, Stancavage, and Dossey 1998).

Classroom use of calculators is more common among U.S.
elementary school students than among students in a number
of other countries that participated in TIMSS. (See text table
1-7.) Although U.S. teachers were more likely than teachers
in most other countries to use calculators in the lower grades,
about 30 percent still reported that they never use calcula-
tors. However, about the same percentage of these teachers
reported using calculators to solve complex problems in 4th-
grade classrooms, a proportion similar to that for teachers in
Canada and England (Mullis et al. 1997).

By grade 8, classrooms in nearly all countries use calcula-
tors for mathematics instruction, although the degree to which
they are used varies widely. In 1999, 42 percent of U.S. 8th-
grade students reported that they “almost always” use calcu-
lators in their mathematics lessons (Mullis et al. 2000). This
percentage was higher than the international average (19 per-
cent). Compared to the United States, two nations, the Neth-
erlands and Australia, had a higher percentage of students
responding that they almost always use calculators in their
mathematics lessons. Eight percent of U.S. 8th-grade students
reported never using calculators in their mathematics lessons,
which was lower than the international average for students
(32 percent).

Official policies on calculator use vary across the coun-
tries participating in the TIMSS-R; policies include encour-
aging unrestricted use, use with restrictions, and banning
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calculator use entirely (Mullis et al. 2000). Official documents
of 23 countries included an explicit policy on the use of cal-
culators. (See text table 1-8 for policies in selected countries.)
Seven of these countries reported that their curriculum policy
allows unrestricted use of calculators (Belgium, Finland, Hong
Kong, Israel, Japan, the Netherlands, and New Zealand), and
14 allow restricted use. In Canada and the United States, policy
varied across provinces and states, respectively. Several coun-
tries’ policies do not permit calculator use in the lower grades
of their primary school systems. For example, in Japan, cal-
culators are not permitted until grade 5. Other countries re-
ported that the use of calculators in these lower grades is
limited so that students may master basic computational skills,
both mentally and using pencil and paper.

Transition to Higher Education

Expectations of college attendance have increased dramati-
cally over the past 20 years, even among low-performing
students. More than two-thirds of high school graduates at-
tend college, and a rising proportion have taken a college pre-
paratory curriculum in high school. The use of AP exams to
gain college credit in high school has also increased, although
research has shown that some colleges are less likely to award
AP credit now than in the past. Despite greater numbers of
students aiming for college, some college faculty are con-
cerned that today’s students are less well prepared in math-
ematics than previous generations of students. College-level
remediation is also on the rise, and policymakers are increas-
ingly concerned about the number of students needing to take
remedial courses in college. This section reviews changes in
the immediate transition from high school to college over the
past 30 years, including changes by sex and by race/ethnicity.
The final section discusses the growth of remediation at the
college level, a trend that troubles both educators and
policymakers who are concerned about the efficacy of the
S&E pipeline.

Transition from High School to College

Because most college students enroll in college immedi-
ately after completing high school, the percentage of high
school graduates enrolled in college the October following
graduation is an indicator of the total proportion who will
ever enroll in college. College enrollment rates reflect both
the accessibility of higher education to high school graduates
and their assessments of the relative value of attending col-
lege compared with working, entering the military, or pursu-
ing other possibilities.

Overall, immediate college enrollment rates for high school
completers increased from 49 to 63 percent between 1972
and 1999. (See figure 1-20.) Much of the growth in these
rates between 1984 and 1999 was due to increases in the im-
mediate enrollment rates for females at four-year institutions
(see below).

Some differences in immediate enrollment rates among
groups of completers have not changed. The gap in rates be-
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Text table 1-7.
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Student mathematics score and percentage of students and teachers reporting hand-held calculator use in 4th

and 8th grades, by country: 1995

Calculator use and access (%)

4th grade
Average Students Teachers 8th-grade teachers
mathematics Have Usefor  Never Use for
score (mean) calculators Never use Never use complex usein Use complex
Country 4th grade 8th grade athome in class in class problems class daily problems
SiNGaPOre ......ovvvieeieeiierieeeeeae 625 643 93 96 97 1 1 82 82
South Korea .... 611 607 87 93 86 3 76 1 4
Netherlands............ 577 541 93 90 85 2 0 81 67
Czech Republic....... 567 564 95 63 54 8 B 74 80
AUSEE .o 559 539 95 96 98 0 2 87 70
Ireland ......cccoeceeiiiiiieeeeee 550 527 95 91 88 & 68 11 7
United States 545 500 95 34 29 26 8 62 76
Hungary ....cccocoeeienniiiieceee 548 537 95 90 78 5 29 60 53
Canada......ccceeveeeeieeiieneeseeee 532 527 95 51 37 23 5 80 86
England 18 506 95 15 8 28 0 83 73
Norway ................ 502 503 95 89 93 1 2 82 72
New Zealand 499 508 95 18 5 50 7 66 70

SOURCES: I. Mullis, M. Martin, A. Beaton, E. Gonzalez, D. Kelly, and T. Smith, Mathematics Achievement in the Primary School Years: IEA’s Third
International Mathematics and Science Study (TIMSS) (Chestnut Hill, MA: Boston College, TIMSS International Study Center, 1997); and A. Beaton, M.
Martin, I. Mullis, E. Gonzalez, T. Smith, and D. Kelly, Science Achievement in the Middle School Years: IEA’s Third International Mathematics and Science

Study (TIMSS) (Chestnut Hill, MA: Boston College, TIMSS International Study Center, 1996).
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Calculators and Achievement

Although the National Council of Teachers of Math-
ematics (NCTM) recommends the integration of cal-
culators into the school mathematics program at all
grade levels (NCTM 1989), research on the effect of
calculator use on achievement is not definitive. Some
studies have concluded that calculator use does not
undermine basic skills (Hembree and Dessart 1986,
Suydam 1979) and that calculator use has a positive
effect on achievement in early grades (B. Smith 1996,
Hembree and Dessart 1986). Critics, however, have
pointed to deficiencies in the majority of studies sup-
porting calculator use. Many of these studies were of
short duration, lasting only a few weeks, and lacked
sufficient controls to equate comparable groups or to
screen out other influences on student outcomes (Love-
less and Diperna 2000).

A recent Brookings Institution study (Loveless and
Diperna 2000) examining test results from both the Na-
tional Assessment of Educational Progress (NAEP) and
the Third International Mathematics and Science Study
(TIMSS) raises additional questions about the influence
of calculator use on achievement. For example, in both

tween those from high- and low-income families persisted
for each year between 1990 and 1999. Likewise, completers
whose parents had attained a bachelor’ degree or higher were
more likely than those with parents who had less education to
enter college immediately after high school graduation for
each year between 1990 and 1999 (NCES 2001b).

NAEP and TIMSS, students were asked how often they use
calculators in class. On both tests, calculator use is correlated
with lower math scores. On the 1996 National NAEP Math-
ematics Assessment, 4th graders who reported that they used
calculators in class every day had the lowest NAEP scores of
any response category. Students who reported using calcula-
tors only once or twice per month had the highest scores. A
similar pattern was evident on 4th-grade TIMSS. Frequent cal-
culator use is negatively correlated with math achievement in
several countries. A vast majority of 4th-grade students in the
highest scoring nations (Japan, Singapore, and South Korea)
report that they never use calculators in math class.

Although Loveless and Diperna acknowledge that these
results do not necessarily imply that calculator use results in
lower academic achievement (low math skills may actually
push individual students to rely on calculators more), their
findings suggest that additional, high-quality research on the
use of calculators at the elementary level is warranted, par-
ticularly because of the equity issues involved. In 1996, black
and Hispanic students were about twice as likely as white
students to report that they use calculators every day (Love-
less and Diperna 2000).

Transition Rates by Sex

Females are slightly more likely than males to make an
immediate transition from high school to college. Between
1972 and 1999, immediate enrollment rates for female high
school graduates increased faster than those for males. (See
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figure 1-20.) Much of the increase between 1984 and 1999
was due to increases in female enrollment rates at four-year
colleges, which rose from 34 to 43 percent over this 15-year
period. In 1999, the enrollment rate at four-year institutions
was 43 percent for females compared with 41 percent for
males. That year, females were about as likely as males to
enroll in two-year institutions after high school graduation
(both about 21 percent) (NCES 2001b).

Text table 1-8.
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Although males and females are similarly prepared to en-
ter the math and science pipeline upon entering college, a
large gender gap occurs in the selection of college majors
(see sections on achievement and coursetaking in this chap-
ter and chapter 2). However, the divergence in interest in math
and science careers may start much earlier.

Policies on calculator usage in selected countries/economies participating in TIMSS-R: 1999

Country/economy Type of policy Comments
Australia Unrestricted Calculators are unrestricted as a learning tool. Computational skills like mental
arithmetic are also promoted.
Belgium (Flemish) Restricted Calculators are permitted on a limited basis so that students can master the basic skills
of computation and mental calculation. Calculator use increases and is compulsory after
grade 9.
Canada Unrestricted, In general, calculator use is encouraged, except in lower grades in some provinces.
2 provinces;
restricted,
8 provinces
Taiwan Restricted Calculators are not allowed on entrance exams, so teachers can limit their use in
classroom.
Czech Republic Restricted Computational skills are practiced without calculators.
England Restricted Calculator use increases as students progress through school. The emphasis is on
pupils having a range of skills: calculator, pencil and paper, and mental computation.
Graphic calculators are required at higher levels.
Finland Unrestricted Although permitted at the lower levels, policy indicates that the use of calculators is
more appropriate at the upper levels (grades 7-9).
Hong Kong Unrestricted Calculators may be used for exploration only from grades 1 to 6. No restrictions are set
on the use of calculators for students from grade 7 onward.
Hungary Restricted Calculator use is considered appropriate in higher grades.
Indonesia Restricted Calculators are not permitted in lower grades.
Israel Unrestricted Calculators are permitted through all school levels (grades 1-12)
Italy?
Japan Unrestricted Calculators are not permitted until grade 5.
Netherlands Unrestricted Calculators are compulsory at national exam level. In grades 11-12, the graphic
calculator is compulsory for mathematics students.
New Zealand Unrestricted The policy assumes that calculators will be available and used “appropriately”
at all levels.
Russian Federation Restricted There is some use of calculators in elementary school. Recommended use of calculators
on a level with oral and written calculations in secondary school. Students are not
allowed to use calculators for public exams in grades 9 and 11.
Singapore Restricted In primary school, students are not allowed to use calculators in mathematics.
In secondary school, the use of calculators is allowed from grade 7, although the use
is restricted.
Slovenia?
South Korea Restricted Currently, calculators are not used in class. However, the new curriculum, to be
implemented in 2000/01, recommends the wide use of calculators.
United States Varies from

state to state

aCurriculum does not contain recommendations about use of calculators.

SOURCE: I. Mullis, M. Martin, E. Gonzalez, K.D. Gregory, R.A. Garden, K.M. O’Connor, S.J. Chrostowski, and T. Smith. TIMSS 1999 International
Mathematics Report (Chestnut Hill, MA: Boston College, TIMSS International Study Center, 2000).
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Figure 1-20.

Percentage of high school graduates enrolled in
college the October after completing high school,
by sex and race/ethnicity: 1960-99
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NOTE: Data for Hispanics are calculated as three-year moving
average.

SOURCE: National Center for Education Statistics, The Digest of
Education Statistics 2000, NCES 2001-034 (Washington, DC: U.S.
Department of Education, Office of Educational Research and
Improvement: 2001b).
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Transition Rates by Race/Ethnicity

College transition rates for white and black high school
graduates have increased over the past 30 years, while rates
for Hispanic graduates have been stable. (See figure 1-20.)
Transition rates for white high school graduates increased from
50 percent in the early 1970s to about 60 percent in the mid-
1980s and have fluctuated between 60 and 67 percent since
then. After a period of decline in the late 1970s and early
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1980s, the percentage of blacks enrolling in college immedi-
ately after high school graduation rose through the late 1980s,
stagnated in the early 1990s, and increased again in the late
1990s. Since 1984, college transition rates for black gradu-
ates have increased faster than those for whites, thus closing
much of the gap between the two groups. The enrollment rates
for Hispanic graduates have shown no consistent growth since
1972, fluctuating between 45 and 65 percent from 1972 to
1997 (NCES 2001b).

The type of institutions that high school graduates first
attend can affect their likelihood of completing a bachelor’s
degree. Students who begin their higher education at a two-
year college are far less likely to earn a bachelor’s degree
than are their counterparts who begin at a four-year college.
In 1994, white graduates were twice as likely to enroll in a
four-year college as a two-year college after high school, black
graduates were about 1.5 times as likely, and Hispanic gradu-
ates were equally likely to enroll in a four-year college as a
two-year college (NCES 1996b).

Students who initially enroll part time in college are less
likely to persist toward a bachelor’s degree than those who
enroll full time (NCES 1996b). Hispanic high school gradu-
ates ages 18-24 were far more likely to be enrolled in college
part time, as opposed to full time, than were their white or
black counterparts in 1994. (See sidebar, “Who Is Prepared
for College?”)

Remedial Education in College

Many students enter postsecondary education institutions
lacking the reading, writing, or mathematics skills necessary
to perform college-level work. Therefore, most institutions
enrolling freshmen offer remedial courses to bring these stu-
dents’ skills up to the college level (NCES 2000a). Although
some consider remedial courses as one way to expand educa-
tional opportunities for students with academic deficiencies,
others feel that remedial instruction should be eliminated or
strictly limited in four-year institutions.

In 1995, all public two-year and 81 percent of public four-
year institutions offered remedial reading, writing, or math-
ematics courses. Fewer private four-year institutions (63
percent) offered remedial courses in one or more of these
subjects. (See figure 1-22.)

Public two-year institutions were more likely than either
public or private four-year institutions to offer remedial
courses because of their particular mission and the types of
students they serve. In 1995, about one-half of public two-
year institutions had open admissions compared with less than
10 percent of public and private four-year institutions (NCES
2000a). Freshmen at public two-year institutions were almost
twice as likely as their peers at public four-year institutions to
enroll in remedial courses in reading, writing, or mathemat-
ics (41 versus 22 percent) (NCES 2000a).
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Who is Prepared for College?

High school graduates from low-income families enter
four-year institutions at lower rates than their higher in-
come peers (NCES 2000a). Although financial barriers to
college attendance exist for many low-income students,
another reason for their lower enrollment rate is that they
are less qualified academically. (See figure 1-21.) NCES
constructed a 4-year College Qualification Index, based
on high school grade point average, senior class rank, ap-
titude test scores from the National Educational Longitu-
dinal Study of 1988, SAT or ACT scores, and a measure
of curricular rigor (see NCES 2000a for details). On this
index, 86 percent of 1992 high school graduates from fami-
lies with high incomes ($75,000 or more) were at least
minimally academically qualified for admission to a four-
year institution compared with 68 percent of those from
middle-income ($25,000 to $74,999) and 53 percent from

Figure 1-21.

low-income (less than $25,000) families. Moreover, high-
income graduates were almost twice as likely as middle-
income graduates and four times as likely as low-income
graduates to be very highly qualified for four-year college
admission. The proportion of college-qualified students
was also directly related to their parents’ educational at-
tainment.

Asian/Pacific Islander and white graduates have higher
average family income and parental education levels than
their black and Hispanic counterparts. Reflecting this pat-
tern, Asian/Pacific Islander and white graduates were more
likely than black and Hispanic graduates to be at least mini-
mally qualified for four-year college admission. The pro-
portion of very highly qualified graduates was largest
among Asians/Pacific Islanders.

SOURCE: NCES 2000a.

Percentage of 1992 high school graduates qualified for admission at a four-year institution, by level of qualification

and family income
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1992 aptitude test, SAT scores, and a measure of curricular rigor.

SOURCE: National Center for Education Statistics, The Condition of Education 2000, NCES 2000-062 (Washington, DC: U.S. Department of Education,

Office of Educational Research and Improvement: 2000a).

Conclusion

This chapter presented indicators of the status and change
in U.S. elementary and secondary schools regarding student
achievement, math and science coursetaking, implementa-
tion of content standards and state-level testing, curriculum
structure and amount of time allocated to math and science
compared with other countries, teacher quality (including
initial training and professional development), teacher work-
ing conditions, access to and use of technology in schools,
and transition to higher education. Although these indicators
do not tell the whole story, they do highlight improvements
in our K-12 education system over the past few decades while
pointing to areas of enduring concern.

Observations made about U.S. mathematics and science edu-
cation in 1947 noted that textbooks were thick and included
unnecessary information and that teachers did not have suffi-
cient training in mathematics (NSB 2000). Significant efforts
have been made to reform elementary and secondary schools

Science & Engineering Indicators — 2002

since 1947, such as those stimulated by Sputnik in 1957, the
National Commission on Excellence in Education in 1983, and
the National Education Goals that grew out of the Governor’s
summit of 1990. The national policy goals and educational stan-
dards for mathematics and science education set new and higher
expectations for U.S. schools, students, and teachers. The indi-
cators in this chapter were chosen to measure how close the
nation has come to meeting those expectations.

A higher proportion of students graduate from high school
with advanced courses in mathematics and science than did
their counterparts three decades ago. As measured by NAEP,
student achievement in mathematics and science has increased
since the mid-1970s, although relatively few students are at-
taining levels deemed Proficient or Advanced by NAGB, and
the performance of U.S. students continues to rank substan-
tially below that of students in a number of other countries.
Furthermore, the relative performance of U.S. students com-
pared to their counterparts in other countries appears to de-
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Figure 1-22.

Percentage of postsecondary education institutions
offering remedial courses, by type of course and
type of institution: fall 1995
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cline as students progress through school and it also affects
our most advanced students.

Girls have closed much of the gender gap in mathematics
achievement, although a larger share of boys continue to per-
form at the most advanced levels; the gender gap in science
achievement has also narrowed. The gap between high and low
performers remains wide, however, and black and Hispanic stu-
dents continue to perform far below their white counterparts.

An explicit goal of educational standards for mathematics
and science is that all students, without regard to gender, race,
or income, participate fully in challenging coursework and
achieve at high levels. The disparate performance among ra-
cial/ethnic groups is still observed when transcripts are ex-
amined. Asian/Pacific Islander and white students are much
better represented in advanced courses than are black and
Hispanic students. Racial/ethnic differences in math and sci-
ence achievement persist among students taking similar
courses in high school, primarily reflecting the large achieve-
ment gaps evident before high school entry.

In the 1980s, most states approved policies aimed at improv-
ing the quality of K-12 education by implementing statewide
curriculum guidelines and frameworks as well as assessments.
At present, half of the states require students to pass some form
of exit examination to graduate from high school, and others
report that they are developing such tests. Teachers remain con-
cerned, however, that standards do not always provide clear guid-
ance regarding the goals of instruction and that schools do not
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yet have access to top-quality curriculum materials aligned with
the standards. Although some states have recently delayed the
introduction of high-stakes tests (i.e., tests that students must
pass to either graduate or advance a grade), public support for
the standards movement remains strong.

Public school teachers generally support the movement to
raise standards, but they are less supportive than the general
public. The vast majority of public school teachers feel that
the curriculum is becoming more demanding of students, al-
though they also feel that new statewide standards have led to
teaching that focuses too much on state tests and that a sig-
nificant amount of “teaching to the test” occurs.

Measuring the extent to which standards are linked to in-
struction that challenges students is difficult because avail-
able methods cannot measure quality directly. Available
indicators focus on the amount of time students spend study-
ing a subject (classwork and homework), the content of les-
sons, and the types of instructional resources used (e.g.,
textbooks). These data show that although U.S. students ap-
pear to receive at least as much classroom time in mathemat-
ics and science instruction as students in other nations,
instruction in U.S. 8th-grade classrooms tends to focus on
the development of low-level skills rather than on understand-
ing and provides few opportunities for students to engage in
high-level mathematical thinking.

Improvements in the quality of U.S. education cannot oc-
cur without the concurrence of teachers. Research suggests
that the following factors are associated with teacher quality:
having academic skills, teaching in the field in which the
teacher received training, having more than a few years of
experience (to be most effective), and participating in high-
quality induction and professional development programs. It
is still common for students to be taught math and science by
teachers without academic training in those subjects, and this
mismatch is worse in high-poverty schools.

Salaries for math and science teachers remain well below
those of bachelor’s and master’s degree scientists and engi-
neers in industry. Given that teacher retirements are on the
rise, increased salaries provide a means of retaining good
teachers and attracting the number of quality teachers needed
to replace retirees. The difference between the annual me-
dian salaries of all bachelor’s degree recipients and teachers
has declined over the past 20 years, mainly due to increases
in the relative size of the older teaching workforce and in
salaries of older teachers.

The role of education technology in U.S. schools has been
changing rapidly. Handheld calculators are commonly used
in both U.S. homes and classrooms. About one-fourth of 4th-
grade teachers and three-fourths of 8th-grade teachers report
that they use calculators for solving complex problems. By
2000, nearly all schools reported that at least one computer
was linked to the Internet and half of the classrooms had ac-
cess to the Internet.

Finally, expectations of college attendance have increased
dramatically over the past 20 years, even among low-per-
forming students. More than two-thirds of high school gradu-
ates attend college, and a rising proportion have taken a college
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preparatory curriculum in high school. The use of AP exams
to gain college credit in high school has also increased, al-
though research has shown that some colleges are less likely
to award AP credit now than in the past. College-level
remediation is also on the rise, and policymakers are increas-
ingly concerned about the number of students needing to take
remedial courses in college. The impact of these changes on
the S&E pipeline is addressed in the next chapter.
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